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757. Dibenz[b,floxepins and Related Compounds. 
By J. D. Loupon and L. A. SUMMERs. 


Dibenz{b,fjoxepin, 2-nitrodibenz[d,fjoxepin, and a number of their deriv- 
atives have been prepared from 2-chloro-5-nitrobenzaldehyde via 2-aryloxy- 
5-nitrobenzaldehydes and the derived 2-aryloxy-5-nitrophenyl-pyruvic and 
-acetic acids. 


COMPARATIVELY little is known of the chenistry of dibenz[d, fjoxepin (I); indeed interest 
dates from Manske’s recent proof! that the alkaloid cularine (II) is a derivative of 
dihydrodibenz[b,fjoxepin. Before this the ring system was known only in by-products 
arising from particular applications of Pschorr’s phenanthrene synthesis.2, The parent 
compound (I) was synthesised by Manske and Ledingham,® through reduction and 
dehydration, from the dibenzoxepinone (III) which they had prepared from o-phenoxy- 
benzaldehyde via o-phenoxyphenylacetic acid. Kulka and Manske‘ also synthesised a 
number of derivatives modelled on the substitution pattern of the alkaloid although these 
developments were severely restricted by the poor overall yields. For a practicable 
synthesis of this type two stages are critical, one being the formation of the diphenyl ether 
linkage and the other the closure of the central heterocyclic ring. 2-Chloro-5-nitro- 
benzaldehyde provides a convenient source of 2-aryloxy-5-nitrobenzaldehydes. From it 
and by using polyphosphoric acid at the cyclisation stage we prepared derivatives of 
2-nitrodibenz|), fjoxepin in nearly 40% yield, and the parent nitro-compound and dibenz- 
[b, fjoxepin itself were obtained in yields of 15—20%. 


MeN 
Oo 
9 ' 
om — 
5 MeO ° 
6 ~ . ° OMe 


CHO lll 
(I) (11) CH, +O (it) 
O,N R O,N 
cl NO, 
nf (IV) (V) 

Based on patent procedure ® 2-aryloxy-5-nitrobenzaldehydes (IV; R = CHO) were 
prepared in satisfactory yields by condensing 2-chloro-5-nitrobenzaldehyde with phenol 
and with methoxyphenols in aqueous alkali. A by-product constantly encountered in 
these reactions is assigned structure (V). This is in accord with the analytical data and 
with the formation of a mono-oxime: moreover the same compound was obtained in 
poor yield from 2-chloro-5-nitrobenzaldehyde and hot aqueous alkali, and in substantial 
yield by reaction with pre-formed 2-chloro-5-nitrobenzyl alcohol in presence of 
solid potassium carbonate. 2-Aryloxy-5-nitrobenzaldehydes resemble their 2-arylthio- 


analogues ® in forming with concentrated sulphuric acid red solutions of the corresponding 
xanthylium sulphates. However dilution of such a solution with water does not generally 


1 Manske, J. Amer. Chem. Soc., 1950, 72, 55. 
2 Pschorr and Knoffler, Annalen, 1911, 382, 53. 
3 Manske and Ledingham, J. Amer. Chem. Soc., 1950, 72, 4797. 
* Kulka and Manske, ibid., 1953, 75, 1322. 
5 Geigy, F.P. 818,032; Chem. Abs., 1938, 32, 2371. 
* Campbell, Dick, and Loudon, J., 1941, 747. 
6H 
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lead to an easily separable mixture of the appropriate xanthen and xanthone, as happens 
in the thio-series, and further description is postponed. 

5-Nitro-2-phenoxybenzaldehyde was condensed with aceturic acid and the resultant 
azlactone converted by acid hydrolysis into 5-nitro-2-phenoxyphenylpyruvic acid (IV; 
R = CH,°CO-CO,H) and hence by oxidation into 5-nitro-2-phenoxyphenylacetic acid 
(IV; R = CH,°CO,H). Each of these acids was cyclised by polyphosphoric acid, the 
pyruvic acid yielding the carboxylated dibenzoxepin (VI) and the acetic acid yielding the 
2-nitro-derivative of the ketone (III). Similarly 2-phenoxyphenylacetic acid, which was 
prepared from the nitro-compound (IV; R =CH,°CO,H) by reduction followed by 
deamination, was cyclised to the dibenzoxepinone (III) and this product was conveniently 
isolated as the oxime. It was ascertained that the guaiacol ether, corresponding to the 
phenyl ether (IV; R = CHO), afforded analogous derivatives of 6-methoxydibenz{), f]- 

CO,H 


oxepin in comparable yields by a similar series of reactions. 
"OLD on 6 
(VI) 


¢Vil) (VIII) 





In presence of acetic anhydride, catalytic reduction of the oxime of ketone (III) 
afforded 10-acetamido-10: 11-dihydrodibenz[b,fjoxepin (VII; R= Ac) and hence by 
hydrolysis the parent base (VIL; R = H) which was isolated as the hydrochloride. The 
position of the nitrogen atom in this base corresponds to that of the nitrogen atom in 
cularine, but so far attempts to complete the fused ssoquinoline ring-system of the alkaloid 
have not been successful. The elements of acetamide were readily eliminated when the 
acetamido-compound (VII; R = Ac) was heated with phosphoric oxide in xylene and 
this useful reaction ? provides an alternative route from (III) to (I). 

As a substituted cinnamic acid the compound (VI) was readily decarboxylated, forming 
2-nitrodibenz[},fjoxepin. It was also readily hydrogenated to 2-amino-10-carboxy- 
10 : 11-dihydrodibenz[}, fjoxepin, which was deaminated by standard methods. Manske 
and Ledingham ® showed that oxidation of dibenz[b, fjoxepin by potassium permanganate 
yields 2: 2’-dicarboxydiphenyl ether together with a small amount of xanthone. The 
formation of the latter recalls the oxidation of dibenzocycloheptatriene (VIII) to phen- 
anthraquinone by sodium dichromate ® and the associated contrast to oxidation by 
potesnem permanganate whereby compounds of type (VII) afford mainly homodiphenic 

acids.® This contrast appears indeed to be maintained in dibenz/ O.f) oxepins since, as 
main products, permanganate oxidation of the acid (VI) yielded 2 : 2’-dicarboxy-4-nitro- 
diphenyl ether whereas dichromate oxidation gave 2-nitroxanthone. Mathys, Prelog, and 
Woodward 1° have recently shown that the benzil derivative, which is obtained from the 
monoketone (III) and selenium dioxide, undergoes benzilic acid rearrangement with 
exceptional ease. 2-Nitrodibenz[b,fjoxepin was readily oxidised by osmium tetroxide, 
affording cis-10 : 11-dihydro-10 : 11-dihydroxy-2-nitrodibenz[}, fjoxepin. 


EXPERIMENTAL 


Petroleum as solvent refers to light petroleum, b. p. 60—80°. 2-Chloro-5-nitrobenzaldehyde 
was prepared by nitrating 2-chlorobenzaldehyde.™ 


* Cook, Dickson, Ellis, and Loudon, J., 1947, 1074. 

® Cook, Dickson, and Loudon, J., 1947, 746. 

* Cf. Tarbell, Frank, and Fanta, J. Amer. Chem. Soc., 1946, 68, 502. 
10 Mathys, Prelog, and Woodward, Helv. Chim. Acta, 1956, 39, 1095. 
11 Erdmann, Annalen, 1893, 272, 153. 
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5-Nitro-2-phenoxybenzaldehyde.—2-Chloro-5-nitrobenzaldehyde (40 g.), phenol (20 g.), and 
sodium hydroxide (10 g.) were heated under reflux with water (400 c.c.) for 2 hr. A vigorous 
reaction soon set in and the final cold mixture deposited some crystals. The whole was extracted 
with ether. The filtered ethereal solution, washed with dilute sodium hydroxide then with 
water, was dried and concentrated. The semi-solid residue was heated with charcoal in 
benzene and, after recovery, afforded 5-nitro-2-phenoxybenzaldehyde, m. p. 67—68° (from 
benzene—petroleum) (Found: C, 64-3; H, 3-7. Calc. for C,,H,O,N: C, 64-2; H, 3-7%), in 70% 
yield. 

2-2’-Methoxyphenoxy-5-nitrobenzaldehyde (yield 55%), m. p. 111° (from benzene—petroleum) 
(Found: C, 61-3; H, 3-9; N, 5-3. C,,H,,O,N requires C, 61-5; H, 4-0; N, 5-1%), and 2-4’- 
methoxyphenoxy-5-nitrobenzaldehyde, 1n. p. 98° (from benzene—petroleum) (Found: C, 61-3; H, 
4-1%), were prepared from o- and #-methoxyphenol as described for the unmethoxylated 
compound. 

2-(2-Chloro-5-nitrobenzyloxy)-5-nitrobenzaldehyde (V).—(a) The ether-insoluble fraction (l1— 
5% yield), found in preparing the foregoing 2-aryloxybenzaldehydes, had m. p. 208° (from 
benzene) (Found: C, 50-2; H, 2-8; N, 8-6; Cl, 10-75. C,,H,O,N,Cl requires C, 49-9; H, 2-7; 
N, 8-3; Cl, 10-55%) and with hydroxylamine hydrochloride in pyridine afforded the oxime, 
m. p. 194° (from benzene) (Found: C, 47-8; H, 2-9; N, 11-9. C,H, 9O,N,Cl requires C, 47-8; 
H, 2-8; N, 11-9%). (6) It was also obtained (12% yield) when 2-chloro-5-nitrobenzaldehyde 
(0-5 g.) was heated under reflux (20 min.) with aqueous sodium hydroxide (13 c.c.; 2%). (c¢) 2- 
Chloro-5-nitrobenzyl alcohol, m. p. 78° (from petroleum), was prepared by the interaction (4 hr. 
at 18°) of solutions of 2-chloro-5-nitrobenzaldehyde (3 g.) in methanol (50 c.c.) and sodium 
borohydride (1 g.) in water (10 c.c.), followed by acidification and evaporation of the methanol 
(Found: C, 44-8; H, 3-05. C,H,O,;NCl requires C, 44-8; H, 3-2%). Equal parts of this 
alcohol, 2-chloro-5-nitrobenzaldehyde, and potassium carbonate were heated (15 min.) at 100°, 
affording the product (V) in 80% yield. 

2-Methyl-4-(5-nitro-2-phenoxy) benzylidene-5-oxazolone.—Acetic anhydride (2 mol.) aceturic 
acid (1 mol.), 5-nitro-2-phenoxybenzaldehyde (1 mol.), and potassium hydrogen carbonate (1 mol.) 
were warmed until the yellow colour of the azlactone was apparent. After 24 hr. at 18° the 
azlactone was collected, washed with hot water, and dried. It formed lemon-yellow needles, 
m. p. 188° (from benzene—petroleum) (Found: C, 62-9; H, 3-6. C,,H,,.O;N, requires C, 63-0; 
H, 3:7%) (yield 75%). When the azlactone (2 g.) in warm ethanol (5 c.c.) and concentrated 
sulphuric acid (2 c.c.) was added to ice—water, ethyl a-acetamido-B-(5-nitro-2-phenoxyphenyl)- 
acrylate, m. p. 195—196° (from ethanol) (Found: C, 61-8; H, 5-0. C,,H,,O,N, requires C, 61-6; 
H, 4:9%), was precipitated. 

5-Nitro-2-phenoxyphenylpyruvic Acid.—The foregoing azlactone (10 g.) was heated for 5 hr. 
with concentrated hydrochloric acid (35 c.c.), water (60 c.c.), and acetic acid (100c.c.). 5-Nitro- 
2-phenoxyphenylpyruvic acid, m. p. 149° (from benzene), crystallised from the filtered hot 
solution and was augmented by material recovered by dilution of the mother liquor (yield 95%) 
(Found: C, 60-0; H, 3-8; N, 4-6. C,;H,,O,N requires C, 59-8; H, 3-65; N, 4-65%). When 
the dark-red solution of the acid in aqueous alkali was treated with an excess of hydroxylamine 
hydrochloride it afforded the oxime, m. p. 167° (from benzene) (Found: C, 56-7; H, 3-6. 
C,;H,,0,N, requires C, 57-0; H, 3-8%). 

5-Nitro-2-phenoxyphenylacetic Acid.—To a solution of the foregoing pyruvic acid (6 g.) in 
aqueous sodium hydroxide (100 c.c.; 10%) kept at 0°, hydrogen peroxide (25 c.c.; 10%) was 
slowly added. After 4 hr. at 18° the solution was acidified, affording 5-nitro-2-phenoxyphenyl- 
acetic acid, as needles, m. p. 140° (from benzene—petroleum) (Found: C, 61-6; H, 4-0. 
C,,H,,0O;N requires C, 61-5; H, 4-0%) (yield, 91%). 

2-Nitrodibenz[b,floxepin-10-carboxylic Acid (V1).—A stirred mixture of 5-nitro-2-phenoxy- 
phenylpyruvic acid (2 g.) and polyphosphoric acid [from syrupy phosphoric acid (14 c.c.) and 
phosphoric oxide (21 g.)] was heated first for a few minutes at 160° (until it became green- 
brown), and then at 100° for 2 hr. 2-Nitrodibenzoxepin-10-carboxylic acid was precipitated by 
dilution of the cooled solution and, after purification in benzene (charcoal), formed pale yellow 
crystals, m. p. 224° (from benzene—petroleum) (Found: C, 63-7; H, 3-45; N, 5-05. C,;H,O;N 
requires C, 63-6; H, 3-2; N, 4:95%) (yield 75%). 

2-Amino-10 : 11-dihydrodibenz[b,floxepin-10-carbosylic Acid.—2-Nitrodibenzoxepin-10-carb- 
oxylic acid in aqueous potassium carbonate was hydrogenated over 2% palladised strontium 
carbonate, 4 mol. of hydrogen being absorbed. A few crystals of sodium sulphite were added, 
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and neutralisation of the filtered solution gave the amine, m. p. 210° (decomp.) (from ethanol- 
water) (Found: C, 70-7; H, 4-9. C,;H,,0,N requires C, 70-6; H, 5:1%). This, with con- 
centrated hydrochloric acid, formed the hydrochloride, m. p. 262° (decomp.) (Found: C, 61-9; 
H, 4-8. C,;H,,O,NCl requires C, 61-75; H, 4-8%). 

10 : 11-Dihydrodibenz(b,floxepin-10-carboxylic Acid.—The foregoing amine (0-2 g.) was 
diazotised in dilute hydrochloric acid with sodium nitrite (0-1 g. in 3 c.c. of water) and, after 
being gently warmed, the filtered solution was treated with hypophosphorous acid (2 c.c.; 
30%). After 12 hr. 10: 11-dihydrodibenz[b,floxepin-10-carboxylic acid was collected; it had 
m. p. 186° (from benzene) (Found: C, 75-3; H, 4-8. C,;H,,O, requires C, 75-0; H, 5-0%). 

10 : 11-Dihydro-2-nitro-10-oxodibenz(b,floxepin, m. p. 158° (from benzene—petroleum), was 
obtained in 80% yield when 5-nitro-2-phenoxyphenylacetic acid was cyclised by polyphosphoric 
acid at 100° (2 hr.) (Found: C, 66-1; H, 3-55; N, 5-4. C,sH,O,N requires C, 65-9; H, 3-5; N, 
55%). Its oxime had m. p. 184° (from benzene) (Found: C, 62-0; H, 3-8; N, 10-2. 
C,,H,,O,N, requires C, 62-2; H, 3-7; N, 10-4%). 

5-A mino-2-phenoxyphenylacetic Acid.—A solution of potassium 5-nitro-2-phenoxyphenyl- 
acetate, prepared from the acid (5 g.) and potassium carbonate (2-3 g.) in water (500 c.c.), was 
hydrogenated over 2% palladised strontium carbonate (1-25 g.). When absorption of hydrogen 
was complete a, few crystals of sodium sulphite were added to poison the catalyst and minimise 
later formation of coloured products. The filtered solution was neutralised by hydrochloric 
acid and, after 12 hr. at 0°, 5-amino-2-phenoxyphenylacetic acid was collected (yield 90%). It 
had m. p. 148° (from water ) (Found: C, 69-0; H, 5-5. C,,H,,0,;N requires C, 69-1; H, 5-35%) 
and when treated with concentrated hydrochloric acid yielded the hydrochloride, m. p. 230° 
(decomp.) (Found: C, 60-2; H, 5-25. C,,H,,0O,NCI requires C, 60-1; H, 5-0%). 

2-Phenoxyphenylacetic Acid.—5-Amino-2-phenoxyphenylacetic acid (3 g.) was diazotised in 
concentrated hydrochloric acid (40 c.c.) and water (100 c.c.) at 0° by addition of sodium nitrite 
(1 g.) in water. The mixture was gently warmed, then at 18° hypophosphorous acid (40 c.c.; 
30%) was added. After 12 hr. 2-phenoxyphenylacetic acid was collected; it formed needles, 
m. p. 89° (Found: C, 73-95; H, 5-4. Calc. for C,,H,,O,: C, 73-7; H, 5-3%): Manske 
and Ledingham * report m. p. 91°. 

10-A mino-10 : 11-dihydrodibenz[b,floxepin.—2-Phenoxyphenylacetic acid was heated with 
polyphosphoric acid first at 160° (5 min.) and then at 100° (2hr.). The mixture was diluted with 
water and, after recovery in ether, 10: 11-dihydro-10-oxodibenz[b, fJoxepin was obtained as a 
yellow oil. Without purification, this was converted (2 hr. under reflux) into the corresponding 
oxime, m. p. 135° (from benzene—petroleum) (Found: C, 74-7; H, 5-1. Calc. for C,,H,,O,N: 
C, 74-7; H, 4-9%): the overall yield was 70%: Manske and Ledingham * record m. p. 137°. 
A solution of the oxime in acetic anhydride was hydrogenated in presence of platinic oxide and, 
after absorption of hydrogen was complete, the resultant solution was filtered, concentrated 
in vacuo, and diluted with water. 10-Acetamido-10: 11-dihydrodibenz[b,fjoxepim, m. p. 139° 
(from benzene—petroleum), was thereby obtained in 88% yield (Found: C, 76-0; H, 6-0. 
C,,H,;0,N requires C, 75-9; H, 5-99). On hydrolysis by dilute hydrochloric acid (4 hr. under 
reflux) it afforded 10-amino-10 : 11-dihydrodibenz{[d, fjoxepin as the hydrochloride, m. p. 265° 
(decomp.) (from dilute hydrochloric acid) (Found: C, 68-1; H, 5-8. C,,H,,ONCI requires C, 
67-9; H, 5-65%). 

Dibenz{b,floxepin.—10-Acetamido-10 : 11-dihydrodibenz[b,fjoxepin (0-1 g.), phosphoric 
oxide (0-2 g.), and xylene (4 c.c.) were heated under reflux for 30 min. The hot solution was 
decanted, the residue washed with hot xylene, and the combined solutions clarified and evapor- 
ated in vacuo, affording dibenz[b,fjoxepin, m. p. 110° (from methanol) (Found: C, 86-4; H, 5-3. 
Calc. for C,,H,,O: C, 86-6; H, 5-15%): Manske and Ledingham * record m. p. 111°. 

2-Nitrodibenz(b,floxepin.—2-Nitrodibenz/b, f}oxepin-10-carboxylic acid (2 g.), copper bronze 
(10 g.), and quinoline (50 c.c.) were heated under reflux for 4 hr, The cooled mixture was 
diluted with benzene and filtered, the filtrate being washed with dilute sulphuric acid, water, 
aqueous sodium carbonate, and water, before being dried, concentrated and clarified by 
charcoal. Addition of petroleum to the resultant solution gave 2-nitrodibenz[b,flovepin, m. p. 

130°, as pale yellow needles (yield 45%) (from methanol) (Found: C, 70-5; H, 3-9; N, 5-9. 
C,,H,O,N requires C, 70-3; H, 3-8; N, 5-85%). 

cis-10 : 11-Dihydro-10 : 11-dihydroxy-2-nitrodibenz[b,fjoxepin.—Pyridine (3 c.c.) was added 
to a solution of 2-nitrodibenzoxepin (0-28 g.) and osmium tetroxide (0-45 g.) in dry benzene 
(15 c.c.), and after 10 days petroleum was added to complete precipitation of the dark complex. 








—— 
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The latter was shaken (4 hr.) in chloroform with a solution of mannitol (3 g.) and potassium 
hydroxide (0-3 g.) in water (30 c.c.). Evaporation of the washed and dried chloroform solution 
gave the cis-diol as needles, m. p. 196° (from benzene—methanol) (Found: C, 61-3; H, 4-0. 
C,,H,,0,;N requires C, 61-5; H, 4-0%). 

2-2’-Methoxyphenoxy-5-nitrophenylacetic acid, m. p. 141° (from benzene—petroleum) (Found: 
C, 59-6; H, 4:5. C,,H,,0,N requires C, 59-4; H, 4-25%), was obtained in 67% overall yield 
from 2-2’-methoxyphenoxy-5-nitrobenzaldehyde by the methods described for the unmethoxyl- 
ated compound, via 4-(2-2’-methoxyphenoxy-5’-nitrobenzylidene)-2-methyl-5-oxazolone, m. p. 197° 
(decomp.) (Found: C, 61-2; H, 4-1; N, 8-0. C,,H,,O,N, requires C, 61-0; H, 3-95; N, 7-9%), 
and 2-2’-methoxyphenoxy-5-nitrophenylpyruvic acid, m. p. 230° (decomp.) (from acetic acid) 
(Found: C, 57-8; H, 4-1; N, 4-4. C,,H,,;0,N requires C, 58-0; H, 3-9; N, 4:-2%). 

10 : 11-Dihydro-6-methoxy-2-nitro-10-oxodibenz[b,floxepin, needles, m. p. 195° (from benzene— 
petroleum), was formed in 78% yield by cyclisation of the foregoing acetic acid (Found: C, 62-9; 
H, 4:0. C,;H,,O;N requires C, 63-15; H, 3-9%). It yielded the oxime, m. p. 211° (from 
benzene—petroleum) (Found: C, 60-2; H, 4-3. C,,;H,,0O;N, requires C, 60-0; H, 40%). 

6-Methoxy-2-nitrodibenz[b,floxepin-10-carboxylic acid, m. p. 250° (decomp.), was prepared by 
cyclisation of the appropriate phenylpyruvic acid with polyphosphoric acid (Found: C, 61-5; H, 
3°8. C,,H,,0O,;N requires C, 61-3; H, 3-5%) (yield 70%). 

2-2’-Methoxyphenoxyphenylacetic Acid.—The corresponding 5-nitro-acid was hydrogenated 
over palladised strontium carbonate, affording (90% yield) 5-amino-2-2’-methoxyphenoxyphenyl- 
acetic acid, m. p. 137° (from methanol—water) (Found: C, 66-0; H, 5-6. C,,;H,,O,N requires 
C, 65-9; H, 5-5%), and this was characterised as the hydrochloride, m. p. 134° (from water, then 
benzene—ethanol) (Found: C, 55-1; H, 5-8. C,;H,,0,NCl,H,O requires C, 55-0; H, 5-5%). 
Deamination, effected as described for the unmethoxylated compound, gave 2-2’-methoxyphen- 
oxyphenylacetic acid, m. p. 90° (from petroleum) (Found: C, 69-3; H, 5-5. Calc. for C,;H,,0,: 
C, 69-8; H, 5-4%), for which Manske and Ledingham * record m. p. 93°. Cyclisation of this 
acid by polyphosphoric acid gave 1Q: 11-dihydro-6-methoxy-10-oxodibenz{[}, fjoxepin, m. p. 93° 
(from petroleum; yield 70%) (Found: C, 74-9; H, 5-1. Calc. for C,;H,,0,: C, 75-0; H, 5-0%), 
which formed the oxime, m. p. 198° (Found: C, 70-4; H, 5-1. Calc. for C,;H,,;0,;N: C, 70-6; H, 
5-1%). For these two compounds Manske and Ledingham? give m. p. 85 and 196°, respectively. 

Oxidation of 2-Nitrodibenz(b,floxepin-10-carboxylic Acid.—(a) Finely powdered potassium 
permanganate was gradually added to a solution of the acid in acetone until the pink colour was 
permanent. Water in small quantities and more of the oxidising agent were then added until 
the colour persisted for several minutes. The whole was then treated with hot water, acetone 
was boiled off, and the hot mixture filtered. Acidification of the filtrate gave 2 : 2’-dicarboxy-4- 
nitrodiphenyl ether, m. p. 220° (from benzene—petroleum containing a little methanol) (yield, 
90%) (Found: C, 55-2; H, 3-2; N, 4-7. C,,H,O,N requires C, 55-4; H, 3-0; N, 46%). 

(6) A solution of the acid (0-5 g.) and sodium dichromate (0-5 g.) in acetic acid (5 c.c.) was 
heated under reflux for 1 hr. The cooled solution was diluted with water and extracted with 
chloroform. Recovery from the washed and dried extract gave 2-nitroxanthone (yield 75%), 
m. p. and mixed m. p. 202° (Found: C, 65-0; H, 3-15; N, 5-8. Calc. for C,,H,O,N: C, 64-7; H, 
2-9; N, 58%). 
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758. Extrusion of Sulphur. Pari I. Formation of Phenanthrenes 
from Dibenzo(b,f|thiepins. 
By J. D. Loupon, A. D. B. SLoan, and L. A. SuMMERs. 


Derivatives of dibenzo[},fjthiepin are prepared from 2-arylthio-5-nitro- 
benzaldehydes via 2-arylthio-5-nitrophenylpyruvic acids and yield phen- 
anthrene derivatives by extrusion of sulphur. 


A NUMBER of isolated observations contribute to the view that a thia-atom is fairly readily 
extruded from a heterocycle if the ring contraction involved leads to an aromatic structure. 
For example, phenothiazine’ and several of its benzo-derivatives 2 when heated with 
copper yield the corresponding carbazoles. The reported similar conversion of phenoxa- 
thiin into dibenzofuran* has not been confirmed,‘ but thianthren® and the cyclic 
disulphide (I) * each yields dibenzothiophen. Thianthrens are thermally stable com- 
pounds but f-dithiins of type (II; R =H, CHO, or NO,) are converted by heat or by 
treatment with phosphorus oxychloride into derivatives of thiophen.? A particularly 
ready extrusion is found for the compound (III) which yields naphthalene-2 : 3-di- 
carboxylic acid when heated in aqueous methanol.* That extrusion is not restricted to 
the bivalent sulphur atom is shown by the preferential elimination of the oxidised sulphur 
from /-dithiin 1 : 1-dioxides,’ from thianthren 5-oxide,® and from cyclic thiolsulphonates 
allied to the disulphide (I).4° Moreover, the endo-sulphones which are presumably formed 
as adducts by the interaction of certain thiophen 1 : 1-dioxides and acetylenic dienophils, 
decompose in sit with elimination of sulphur dioxide and formation of benzene 
derivatives. To these examples of sulphur extrusion we now add the conversion of 
certain dibenzo{},f}thiepins into phenanthrenes by the action of heat in presence of copper. 
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Derivatives of dibenzo{},f|thiepin were prepared from 2-arylthio-5-nitrobenzaldehydes 
(IV; R = CHO) by reactions which closely correspond to those described for the synthesis 
of dibenz[b,floxepins.!2 In general the intermediate 2-arylthio-5-nitrophenylpyruvic acids 


1 Goske, Ber., 1887, 20, 232. 

2 Ris, Ber., 1886, 19, 2240; Kym, Ber., 1890, 23, 2458. 

* Ferrario, Bull. Soc. chim., 1911, [iv], 9, 536. 

* Suter, McKenzie, and Maxwell, J. Amer. Chem. Soc., 1936, 58, 717; Gilman, Van Ess, Willis, and 
Stuckwisch, ibid., 1940, 62, 2606. 

5 Cullinane, Morgan, and Plummer, Rec. Trav. chim., 1937, 56, 627. 

* Barber and Smiles, J., 1928, 1141; Armarego and Turner, J., 1956, 1665. 

7 Parham and Traynelis, J]. Amer. Chem. Soc., 1954, 76, 4960; 1955, 77, 68. 

® Scott, ibid., 1953, 75, 6332; Dimroth and Lenke, Chem. Ber., 1956, 89, 2608. 

* Gilman and Swayampati, J]. Amer. Chem. Soc., 1955, 77, 3387. 

1 Armarego and Turner, J., 1957, 13. 

11 Bailey and Cummins, J. Amer. Chem. Soc., 1954, 76, 1932 et seq.; Duck, Research, 1955, 8, S47. 

12 Preceding paper. 
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(IV; R = CH,°CO-CO,H) were less smoothly cyclised by polyphosphoric acid than were 
their 2-aryloxy-analogues, and use of hydrobromic acid in acetic acid was sometimes 
preferred. Satisfactory yields of the carboxylated thiepin, cf. (V), were obtained from the 
pyruvic acid (IV; R = CH,°CO-CO,H) where the aryl group (Ar) was phenyl, #-tolyl, or 
l-naphthyl, but the reaction failed when the aryl group was #-methoxyphenyl or 
2-naphthyl. 5-Nitro-2-p-tolylthiophenylpyruvic acid was converted, via its oxime and 
the derived benzyl cyanide, into 5-nitro-2-p-tolylthiophenylacetic acid which was cyclised 
to the ketone (VI). 

When the thiepin (V; R = Me) was heated with copper in quinoline decarboxylation 
was accompanied by extrusion of sulphur. That the product was a phenanthrene deriv- 
ative followed from its oxidation, without loss of carbon, first to a phenanthraquinone and 
then to a derivative of diphenic acid. It is formulated as 2-methyl-7-nitrophenanthrene 
(VII; R = Me), other structures conceivably formed by union of the aryl nuclei at centres 
not originally linked to sulphur being considered unlikely. This is supported by the 
identification of 2-nitrophenanthrene (VII; R =H) as the product of a similar reaction 
applied to the thiepin (V; R=H). 2-Nitrophenanthrene was first prepared impure by 
Schmidt and Heinle?* and was recently obtained pure by Bavin and Dewar.’ Our 
specimen had the m, p. recorded by the latter workers and was further characterised by 
oxidation to the known 2-nitrophenanthraquinone.*® 

Despite the close homologous relation between the two thiepins (Vv; R =H) and 
(V; R= Me) there was an appreciable difference in the ease with which they were 
converted into phenanthrene derivatives. Treatment of the thiepincarboxylic acid 
(V; R=H) under various conditions usually afforded 2-nitrodibenzo[d,f}thiepin, 
with varying small amounts of 2-nitrophenanthrene and of 2-nitro-9-phenanthroic acid. 
The decarboxylated thiepin (V; R =H, H for CO,H) was likewise convertible into 
2-nitrophenanthrene, but again in poor yield. On the other hand the thiepincarboxylic 
acid (V; R = Me) afforded moderately good yields (ca. 50%) of 2-methyl-7-nitrophen- 
anthrene and only traces of 2-methyl-8-nitrodibenzo{},f|thiepin were detected. A similar 
difference was also found when the methyl esters of (V; R = H) and (V; R = Me) were 
briefly treated with copper in boiling diethyl phthalate. Thereby methyl 2-nitro-9-phen- 
anthroate and methyl 7-methyl-2-nitro-9-phenanthroate were obtained in 39 and 55% 
yield respectively and, having regard to reliability and ease of manipulation, this appears 
at present to be the best pathway from the dibenzothiepin to the phenanthrene series. 


EXPERIMENTAL 
Throughout petroleum refers to light petroleum (b. p, 60—80°). 

5-Nitro-2-p-tolylthiophenylpyruvic Acid.—5-Nitro-2-p-tolylthiobenzaldehyde #* (1 mol.), 
aceturic acid (1 mol.), and fused sodium acetate (1 mol.) were heated with acetic anhydride 
under reflux (1 hr.). The solution was cooled and, after 15 hr., afforded 2-methyl-4-(5-nitro-2- 
p-tolylthiobenzylidene)-5-oxazolone, m. p. 188—189° (from petroleum—benzene; yield 55%) 
(Found: C, 61-1; H, 4-0. C,,H,,O,N,S requires C, 61-0; H, 3-95%). The pure oxazolone 
(0-3 g.) was heated (15 hr.) with a mixture of acetic acid (7-5 c.c.), concentrated hydrochloric 
acid (2 c.c.), and water (4 c.c.) affording 5-nitro-2-p-tolylthiophenylpyruvic acid as lemon-yellow 
crystals, m. p. 143° (from benzene—methanol; yield 90%) (Found: C, 57-8; H, 4:0: N. 4-2. 
C,,H,,;0;NS requires C, 58-0; H, 3-9; N, 4-2%). The oxime had m. p. 169° (decomp.) (from 
benzene—methanol) (Found: C, 55-6; H, 4-2. C,gH,,O;N,S requires C, 55-5; H, 4-05%), 

5-Nitro-2-p-tolylthiophenylacetic Acid.—The foregoing oxime (3 g.), when heated with acetic 
anhydride (60 c.c.) for 2 hr. followed by concentration of the solution in vacuo, afforded 5-nitro- 
2-p-tolylthiobenzyl cyanide, m. p. 80° (from benzene—petroleum; yield 60%) (Found: C, 63-2; 
H, 4-4. C,;H,.O,N,S requires C, 63-3; H, 4-2%). This (10 g.) was hydrolysed (9 hr.) in hot 
acetic acid (100 c.c.) and hydrochloric acid (100 c.c.) giving 5-nitvo-2-p-tolylthiophenylacetic acid, 

13 Schmidt and Heinle, Ber., 1911, 44, 1488. 

14 Bavin and Dewar, J., 1955, 4477. 


18 Schmidt and Spoun, Ber., 1922, 55, 1194. 
16 Campbell, Dick, Ferguson, and Loudon, J., 1041, 747. 
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m. p. 126° (from benzene—petroleum; yield 70%) (Found: C, 59-5; H, 4:3. C,,H,;0,NS 
requires C, 59-4; H, 4-3%). 

2-p-Tolylthiophenylacetic Acid.—A solution of the 5-nitro-compound (0-5 g.) in water (60 c.c.) 
containing potassium carbonate (0-35 g.) was hydrogenated with palladised strontium carbonate 
as catalyst. Neutralisation of the filtered solution afforded 5-amino-2-p-tolylthiophenylacetic 
acid, m. p. 127° (from ethanol—water) (Found: C, 66-2; H, 5-4. C,;H,,0,NS requires C, 65-9; 
H, 5-5%), which formed the hydrochloride, m. p. 209° (decomp.), from dilute hydrochloric acid 
(Found: C, 58-0; H, 5-5. C,;H,,0,NCIS requires C, 58-1; H, 5-2%). A diazotised solution of the 
amino-acid in hydrochloric acid was treated with an excess of hypophosphorous acid. After 20 hr. 
the precipitated 2-p-tolylthiophenylacetic acid was collected as straw-coloured needles, m. p. 112° 
(from benzene—petroleum) (Found: C, 69-9; H, 5-4. C,;H,,0,S requires C, 69-8; H, 5-4%). 

10 : 11-Dihydro-8-methyl-2-nitro-10-oxodibenzo|b,flthiepin (VI) was obtained (yield, 75%) as 
yellow needles, m. p. 161° (from methanol), by cyclisation of 5-nitro-2-p-tolylthiophenylacetic 
acid by polyphosphoric acid (1} hr. at 100°) (Found: C, 63-4; H, 4-1. C,;H,,O,NS requires 
C, 63-15; H, 3-9%). Its solution in benzene was colourless. With hydroxylamine hydro- 
chloride in pyridine it afforded the oxime, m. p. 191° (from benzene—petroleum) (Found: C, 
60-3; H, 4-0. C,;H,,0,N,S requires C, 60-0; H, 4-0%). 

8-Methyl-2-njtrodibenzo[b,f]thiepin-10-carboxylic Acid (V; R = Me).—(a) 5-Nitro-2-p-tolyl- 
thiophenylpyruvic acid was cyclised in polyphosphoric acid first at 160° (5 min.) and then at 
100° (2hr.). Addition of water to the cooled mixture gave the thiepin, m. p. 268° (from benzene- 
methanol; yield, 70%). (b) A solution of the pyruvic acid (10 g.) in a mixture of hydrobromic 
acid (48%; 20 c.c.) and acetic acid (35 c.c.) was heated under reflux for 5 hr. After 12 hr. at 
18° the resultant greenish-brown needles (8-8 g.; m. p. 269°) were recrystallised (charcoal) from 
acetic acid affording the thiepin, m. p. 276° (Found: C, 61-1; H, 3-5. C,,H,,O,NS requires C, 
61-3; H, 3-5%). Heated for 12 hr. with methanol (250 c.c.) and concentrated sulphuric acid 
(2 c.c.) the thiepincarboxylic acid (5 g.) gave the corresponding methyl ester, m. p. 183° (from 
methanol—methy] acetate) (Found: C, 62-6; H, 4-0. C,,H,,;0,NS requires C, 62-4; H, 4:0%). 

2-Methyl-7-nitrophenanthrene (VII; R = Me).—(a) 8-Methyl-2-nitrodibenzothiepin-10-carb- 
oxylic acid (2 g.), copper bronze (10 g.), and pure quinoline (50 c.c.) were heated under reflux 
for4hr. The cooled mixture was diluted with benzene and filtered, and the filtrate washed with 
dilute sulphuric acid, again filtered, and then washed in turn with water, aqueous 
sodium carbonate, and water. 2-Methyl-7-nitrophenanthrene was recovered from the solution 
as pale yellow crystals, m. p. 192° (from benzene—methanol) (Found: C, 75-85; H, 4-6. 
C,;H,,O,N requires C, 75-95; H, 46%). A solution of the compound in hot acetic acid was 
slowly treated with an aqueous solution of chromic acid (in slight excess) affording 2-methyl-7- 
nitrophenanthraquinone, m. p. 230° (decomp.) (from benzene—methanol) (Found: C, 67-5; H, 
3-5. C,,H,O,N requires C, 67-4; H, 3-4%). To a suspension of this quinone (0-2 g.) in 
methanol (2 c.c.) containing hydrogen peroxide (30%; 0-5 c.c.) 4n-sodium hydroxide (1 c.c.) 
was added, with thorough shaking, and thereafter more hydrogen peroxide (1 c.c.). After 
15 hr. the methanol was removed and the residue acidified affording 4-methyl-4'-nitrodiphenic 
acid, m. p. 186° (from benzene—methanol) (Found: C, 59-7; H, 4-0. C,,H,,O,N requires C, 
59-8; H, 3-7%). 

(b) The thiepincarboxylic acid (V; R = Me) (0-5 g.), copper bronze (0-5 g.), and diethyl 
phthalate (3 c.c.) were heated (30 min.) at 250° under nitrogen. The mixture was diluted with 
benzene and filtered through charcoal, and the solvents distilled off im vacuo. The resultant 
dark viscous oil was extracted several times with petroleum, and the combined extracts were 
chromatographed on alumina and eluted with petroleum. Successive eluates afforded in 
small quantity (i) 8-methyl-2-nitrodibenzo[b,flihiepin as yellow needles, m. p. 117° (from 
methanol) (Found: C, 67-0; H, 3-8; N, 5-1. C,;H,,O,NS requires C, 66-9; H, 4-1; N, 5-2%); 
(ii) a solid mixture which was not resolved by crystallisation; (iii) 2-methyl-7-nitrophen- 
anthrene, m. p. and mixed m. p. 192°. 

Methyl 7-Methyl-2-nitro-9-phenanthroate.—The methyl ester (0-5 g.) of compound (V; R = 
Me), copper bronze (0-5 g.), and diethyl phthalate (3 c.c.) were boiled for 74 min. under nitrogen. 
The cold mixture was diluted with benzene, poured on to (alkali-free) alumina and eluted with 
benzene. Addition of petroleum to the concentrated eluate gave a yellow solid from which, 
after renewed chromatography, methyl 7-methyl-2-nitro-9-phenanthroate was obtained as 
cream-coloured crystals (0-25 g.), m. p. 188° (from methyl acetate) (Found: C, 69-3; H, 4-5. 
C,;H,,;0,N requires C, 69-1; H, 4-4%). It was hydrolysed by boiling acetic—hydrochloric acid 
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to 7-methyl-2-nitro-9-phenanthroic acid, m. p. 291° (from acetonitrile) (Found: C, 68-2; H, 3-8. 
C,,H,,O,N requires C, 68-3; H, 3-9%). 

5-Nitro-2-phenylthiobenzaldehyde.—To a solution of 2-chloro-5-nitrobenzaldehyde (45 g.) and 
thiophenol (25 g.) in ethanol (500 c.c.) and water (200 c.c.) stirred and maintained at 60°, 
potassium carbonate was added in portions (18 x 1 g.) during 20 min. and stirring was continued 
for 40 min. The crystalline product was washed with water affording 5-nitro-2-phenylthio- 
benzaldehyde, m. p. 105° (from ethyl acetate; yield, 48 g.) (Found: C, 60-4; H, 3-5. C,,H,O,NS 
requires C, 60-2; H, 3-5%). 

2-Nitrodibenzo[b,flthiepin-10-carboxylic Acid (V; R = H).—5-Nitro-2-phenylthiobenzalde- 
hyde and aceturic acid afforded (yield, 55%) 2-methyl-4-(5-nitro-2-phenylthiobenzylidene)-5- 
oxazolone, m. p. 190° (from benzene) (Found: C, 60-0; H, 3-8. C,,;H,,0,N,S requires C, 60-0; 
H, 3-5%), which was hydrolysed to 5-nitro-2-phenylthiophenylpyruvic acid, m. p. 146° (from 
benzene—petroleum; yield, 90%) (Found: C, 56-9; H, 3-55. C,;H,,O;NS requires C, 56-8; H, 
35%). This acid was cyclised by polyphosphoric acid (5 min. at 160°, then 2 hr. at 100°), afford- 
ing 2-nitrodibenzo[b,f]thiepin-10-carboxylic acid, m. p. 248° (from benzene—methanol; yield, 65%) 
(Found: C, 60-4; H, 3-3. C,;H,O,NS requires C, 60-2; H, 3-0%). Cyclisation by procedure (b) 
described for the analogue (V; R = Me), but here prolonged to 12 hr., gave a purer product in 
75% yield. Esterification as described for the analogue gave the methyl ester, m. p. 156° (from 
methyl acetate—-methanol) (Found: C, 61-5; H, 3-5. C,,H,,O,NS requires C, 61-3; H, 3-5%). 

Decomposition of 2-Nitrodibenzo[b,f]thiepin-10-carboxylic Acid (V; R = H).—(a) When the 
thiepincarboxylic acid was treated (4 hr.) with copper bronze or cuprous oxide in boiling 
quinoline, as described under (a) for compound (VII; R = Me), 2-nitrodibenzo[b,f|thiepin was 
isolated as yellow crystals, m. p. 110° (from methanol; yield, 45—50%) (Found: C, 65-6; H, 
3-7. C,,H,O,NS requires C, 65-9; H, 3-5%). 

(6) The same thiepin, m. p. and mixed m. p. 110°, was the only crystalline product (yield, 
49%) when the acid was treated as described under (b) for compound (VII; R = Me). 

(c) When the reaction time in experiment (a), with cuprous oxide, was extended to 9 hr. 
and the product before chromatography was separated into basic, neutral, and acidic fractions, 
the neutral fraction afforded a small quantity of yellow needles, m. p. 117° depressed by 
admixture with 2-nitrodibenzothiepin and unchanged by admixture with 2-nitrophen- 
anthrene, cf. (d). 

(d) The thiepincarboxylic acid (2 g.) was placed under a coil of freshly-reduced copper wire 
(10 g.) and the whole heated (5 min.) at 300—310° in nitrogen. Products of the vigorous 
reaction were trapped and washed out in boiling benzene from which, after concentration, a 
carboxylic acid crystallised, cf. (f). The filtrate, purified on alumina and eluted with benzene, 
afforded 2-nitrophenanthrene (0-07 g.), micro-m. p. 120° (from benzene) (Found: C, 75-5; H, 
4-1; N, 6-45. Calc. for C,,H,O,N: C, 75-3; H, 4:1; N, 63%). This, on being oxidised with 
chromic acid in acetic acid, gave 2-nitrophenanthraquinone which was identified by its infrared 
spectrum and mixed micro-m. p., 265—269°, with an authentic specimen prepared as described 
by Schmidt and Spoun.?5 

(e) The thiepincarboxylic acid (0-5 g.) and copper bronze (0-4 g.) were heated in boiling 
diethyl phthalate (2 c.c.) for 15 min. The cooled mixture was diluted with benzene, filtered, 
washed with aqueous sodium carbonate and then with water, and refiltered, hot, through 
charcoal. The tarry residue, obtained by removing the solvents in vacuo, was extracted with 
boiling methanol from which 2-nitrophenanthrene was recovered and purified by chrom- 
atography (0-07 g.;° m. p. 120°). When the reaction mixture was heated for only 5 min., 
2-nitrodibenzothiepin was obtained. 

(f) The carboxylic by-product from (d), combined with the acidic fraction from (c), afforded 
2-nitro-9-phenanthroic acid as pale yellow needles, micro-m. p. 266° (from acetic acid) (Found: 
C, 67-5; H, 3-3. C,,;H,O,N requires C, 67-4; H, 3:-4%). This was identified by oxidation to 
2-nitrophenanthraquinone and also by comparison with a sample prepared from the methyl 
ester (below). 

Decomposition of 2-Nitrodibenzo(b,f\thiepin.—The thiepin (0-25 g.) and copper bronze (0-25 g.) 
were heated in boiling diethyl phthalate (1-5 c.c.) for 74 min. under nitrogen. Dilution of the 
cold mixture with benzene, followed by filtration through charcoal and concentration im vacuo, 
gave a red oil which partially solidified when rubbed with methanol. The solid, purified by 
chromatography in petroleum on alumina, afforded 2-nitrophenanthrene (0-04 g.), m. p. and 
mixed m. p. 120°, and some unchanged thiepin. 
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Methyl 2-nitro-9-phenanthroate, cream-coloured crystals, m. p. 161° (from methyl acetate), 
was obtained in 39% yield from methyl 2-nitrodibenzo{b, f}thiepin-10-carboxylate by the method 
described for the 7-methyl homologue (Found: C, 68-6; H, 3-8. C,sH,,O,N requires C, 68-3; 
H, 3-9%). The ester was hydrolysed by boiling acetic-hydrochloric acid to 2-nitro-9-phen- 
anthroic acid, m. p. and mixed m. p. 268°. 

2-p-Methoxyphenylthio-5-nitrophenylpyruvic Acid.—2-p- Methoxyphenylthio - 5 -nitrobenzalde- 
hyde, m. p. 89° (from aqueous acetic acid), prepared from 2-chloro-5-nitrobenzaldehyde and 
sodium p-methoxyphenyl sulphide (Found: C, 58-1; H; 4-1. C,H,,O,NS requires C, 58-1; 
H, 3-8%), was converted by reaction with aceturic acid into 2-methyl-4-(2-p-methoxyphenylthio- 
5-nitrobenzylidene)-5-oxazolone, m. p. 206° (from benzene) (Found: C, 585; H, 4-0. 
C,,H,,O;N,.S requires C, 58-4; H, 3-8%), and hence into 2-(p-methoxyphenylthio)-5-nitrophenyl- 
pyruvic acid, m. p. 174° (from benzene—methanol) (Found: C, 55-1; H, 3-7. C,.H,,;0,NS 
requires C, 55-3; H, 3-7%), which formed an oxime, m. p. 167° (decomp.) (from benzene— 
methanol) (Found: C, 52-9; H, 4-1. C,,H,,O,N,S requires C, 53-0; H, 3-9%), but could not 
be cyclised by polyphosphoric acid. 

2-2’-Naphthylthio-5-nitrophenylpyruvic Acid.—2-2'-Naphthylthio-5-nitrobenzaldehyde, m. p. 
108° (from acetic acid), prepared from 2-chloro-5-nitrobenzaldehyde and naphthalene-2-thiol 
(Found: C, 66-25; H, 3-6. C,,H,,O,NS requires C, 66-0; H, 3-6%), was converted into 
2-methyl-4-(2-2’-naphthylthio-5-nitrobenzylidene)-5-oxazolone, m. p. 193° (from benzene—petroleum) 
(Found: C, 64-65; H, 3-8. C,,H,,O,N,S requires C, 64-6; H, 3-6%), and hence into 2-2’- 
naphthylthio-5-nitrophenylpyruvic acid, m. p. 153° (from benzene) (Found: C, 62-35; H, 3-8. 
C,,H,,;0,;NS requires C, 62-1; H, 3-5%). Attempts to cyclise this acid by polyphosphoric acid 
failed, starting material being recovered in diminished quantity. 

10-Nitrobenzo[b]naphtho[2,1-f]thiepin-7-carboxylic Acid.—2-1’-Naphthylthio-5-nitrobenzalde- 
hyde, m. p. 123° (from acetic acid), prepared from 2-chloro-5-nitrobenzaldehyde and 
naphthalene-1-thiol (Found: C, 66-2; H, 3-6%), was converted by reaction with aceturic acid 
into 2-methyl-4-(2-1'-naphthylthio-5-nitrobenzylidene)-5-oxazolone, m. p. 195° (from benzene— 
petroleum) (Found: C, 64-55; H, 3-8%), and hence into 2-1'-naphthylthio-5-nitrophenylpyruvic 
acid, m. p. 171° (from benzene—methanol) (Found: C, 62-4; H, 3:7%), which afforded the 
oxime, m. p. 194° (from benzene—methanol) (Found: C, 59-7; H, 3-8. C,,H,,Q,;N,S requires C, 
59-7; H, 3-7%). When the pyruvic acid in polyphosphoric acid was heated first at 230° for a few 
minutes and then at 100° for 3 hr. it afforded 10-nitrobenzo[b]naphtho[2,1-flihiepin-7-carboxylic 
acid as yellow needles m. p. 274° (decomp.) (from benzene—methanol) (Found: C, 65-55; H, 3-5. 
C,,9H,,0O,NS requires C, 65-3; H, 3-2%). 
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759. Extrusion of Sulphur. Part II.* A New Route to 
Phenanthridine Derivatives. 


By A, D. Jarrett and J. D. Loupon. : 


Compounds such as 2-chloro-5-nitro-benzaldehyde or -benzophenone 
react with o-aminothiophenol forming derivatives of dibenzo[b,f]-1: 4- 
thiazepine from which by extrusion of sulphur corresponding derivatives of 
phenanthridine are obtained. 


THE conversion of dibenzo[},fjthiepins into phenanthrenes * suggested the possibility 
of an analogous conversion of dibenzoj{), f]-1 : 4-thiazepines into phenanthridines. Dibenzo- 
[6,f)-1 : 4thiazepines have not been described hitherto, but representatives were readily 
obtained by condensing o-aminothiophenol with compounds such as 2-chloro-5-nitro- 
benzaldehyde or -benzophenone. Extrusion of sulphur from these thiazepines afforded 
in several but not all of the cases acceptable yields of the appropriate phenanthridines. 


* Part I, preceding paper. 
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The immediate products of reaction between compounds of type (I) and o-amino- 
thiophenol in presence of alkali are aminodiaryl sulphides (II). These were occasionally 
isolated and were cyclised with varying ease to the corresponding thiazepines (III). Thus 
from the ketonic reagents (I; R = Me, X = H) and (I; R = Ph, X = H) well-defined 


Ce 0-"QR0 "OG 


(I) (11) (HT) 


OY LOD "CEO 


(V) (V1) 


intermediates ( R= Me, X =H) and (II; R=Ph, X =H) were respectively 
obtained, but peace from aldehydes, e. Z., a: R = X = H), were generally too 
readily cyclised for convenient isolation. Thiophenols react with 2:4- or 2: 6-dinitro- 
phenylpyridinium salts to form diaryl sulphides? and the process may be extended to 
pyridinium salts * derived from compounds of type (I) or from analogues in which the 
chloro-substituent is replaced by the toluene-p-sulphonyloxy-group. In this way 2: 4- 
dinitrodibenzo[},f]-1 :4-thiazepine was prepared from 3: 5-dinitrosalicylaldehyde by 
successive reaction with toluene-p-sulphonyl chloride and o-aminothiophenol in pyridine. 
Such reactions however do not invariably yield thiazepines. For instance, o-amino- 
thiophenol and 2-chloro-3 : 5-dinitrobenzophenone (1; R = Ph, X = NO,) in pyridine 
solution afforded, by elimination of hydrogen chloride and nitrous acid, a red crystalline 
product, C,,H,.0,N.S. This compound, by analogy with the condensate from picryl 
chloride and o-aminothiophenol,® is formulated as 1-benzoyl-3-nitrophenothiazine (V). 
Its formation presumably involves Smiles rearrangement of an intermediate o-amino- 
diaryl sulphide (II; R = Ph, X = NO,) to the isomeric o-mercaptodiphenylamine and 
subsequent elimination of nitrous acid. Reaction in aqueous ethanol in presence of 
sodium hydroxide (1 mol.) gave as main product dibenzothiazepine (III; R = Ph, 
X = NO,), accompanied by some of the thiazine (V). 

2: 4-Dinitrobenzaldehyde reacts with sodium tolyl sulphide to form, as part product, 
4-nitro-2--tolylthiobenzaldehyde * and it was therefore examined as a potential source 
of 3-nitrobenzothiazepine through similar condensation with o-aminothiophenol. This 
reaction, however, led by elimination of water to a red crystalline solid which afforded 
yellow solutions in benzene or ethanol. The red colour is perhaps best accommodated by 
the anil structure (VII) or the derived zwitterionic structure (VIII), although in solution 
equilibrium may well be established with the benzothiazoline ([X).° Oxidation, according 
to the conditions used, afforded the disulphide corresponding to (VII) or the benzothiazole 
corresponding to (IX): each of these oxidation products was independently synthesised. 

The dibenzothiazepines were stable, feebly basic compounds. Oxidation of 2-nitro-11- 
phenyldibenzothiazepine (III; R = Ph, X = H) by hydrogen peroxide in acetic acid led, 

1 Bielig and Reidies, Chem. Ber., 1956, 89, 550. 

2 Allan and Loudon, /J., 1949, 821. 

% Kehrmann and Steinberg, Ber., 1911, 44, 3011; Wight and Smiles, J., 1935, 340. 


* Campbell, Dick, and Loudon, /., 1941, 747. 
5 Lankelma and Sharnhoff, J]. Amer. Chem. Soc., 1931, 58, 2654; 1932, 54, 379. 
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through stages which were not closely defined, to the diaryl sulphone (VI). The structure 
of this sulphone was established by an independent synthesis and also by scission of the 
compound by piperidine into 5-nitro-2-piperidinobenzophenone and o-nitrobenzene- 
sulphinic acid, the latter being characterised by conversion into o-nitrobenzenesulphon- 
amide. This oxidative rupture of the thiazepine ring is essentially similar to the oxidation 
of quinoline (or of quinoline N-oxide) to o-nitrobenzoic acid by successive treatment with 
hydrogen peroxide and potassium permanganate.® 


+ NH 
7 N:CH-C4H;(NO;), NH:CH-C,H;(NO,), \ 
| CH-C,H,(NO2), 
SASH s 4 
(VII) (VIII) (IX) 


When heated briefly with copper in diethyl phthalate the nitrobenzothiazepines (III; 
X = H and R = H, Me, Ph, or m-NO,°C,H,) yielded corresponding phenanthridines (IV) 
in good yield: in absence of the solvent, much poorer yields were obtained. Dinitrodi- 
benzothiazepines (III; X = NO, and R =H or Ph) were unaffected by similar brief 
treatment in diethyl phthalate and were completely destroyed by prolonged or more 
vigorous treatment. The phenanthridine structure assigned to the sulphur-free products 
(IV) is fully authenticated. Oxidation of 7-nitrophenanthridine and of its 9-methyl 
homologue afforded in each case 7-nitrophenanthridone. This compound had m. p. 325° 
in good agreement with recently recorded values, viz., m. p. 326—327°7 and m. p. 329°,8 and 
on vigorous oxidation it afforded 4-nitrophthalic acid with some oxalic acid but no phthalic 
acid. In contrast, a mixture of phthalic and 4-nitrophthalic acids was similarly obtained 
from the material of m. p. 282—284° prepared as described by Moore and Huntress ® from 
2-nitrofluorenone oxime and regarded by these authors as 7-nitrophenanthridone. The 
oxidation results therefore support the conclusion of Nunn, Schofield, and Theobald 7 that 
the material of m. p. 282—284° is a complex of 2- and 7-nitrophenanthridones. Finally, 
direct comparison of m. p.s and infrared spectra proved the identities of two of our phenan- 
thridines, (IV; R = Me, X = H) and (IV; R = m-NO,°C,H,, X = H), with authentic 
specimens which were kindly supplied by Dr. L. P. Wallis, whom we warmly thank. 


EXPERIMENTAL 


Ultraviolet absorption spectra were taken in 95% ethanol. 

2-Nitro-11-phenyldibenzo[b,f}-1 : 4-thiazepine-—A warm solution of 2-chloro-5-nitrobenzo- 
phenone (1-5 g.) in ethanol—water (4:1; 20 c.c.) was stirred into a warm solution prepared 
from o-aminothiophenol hydrochloride (1 g.) and sodium hydroxide (0-5 g.) in the same solvent 
(10 c.c.). There gradually separated 2’-amino-2-benzoyl-4-nitrodiphenyl sulphide as brown- 
yellow prisms, m. p. 136—138° (from ethanol) (Found: C, 65-5; H, 3-8; N, 8-2. C,,H,,0O,;N,S 
requires C, 65-15; H, 4:0; N, 8-0%); Amax. 241 and 332 muy (log e 4-37 and 4-12). When the 
reaction mixture was boiled the main product (yield 83%) was 2-nitro-11-phenyldibenzo[b,d]- 
1 : 4-thiazepine, pale-yellow needles, m. p. 160° (from benzene), into which the amino-sulphide 
was also converted quantitatively by crystallisation from acetic acid (Found: C, 68-7; H, 4-95; 
N, 8-7. C,,H,,0,N,S requires C, 68-7; H, 3-65; N, 8-5%); Amax. 238, 266, and 323 my (log 
e 4-44, 4-38, and 3-93). 

7-Nitro-9-phenylphenanthridine.—(a) 2-Nitro-11-phenyldibenzothiazepine and copper bronze 
(0-3 g. each) were heated in nitrogen at 280—290° (metal-bath temp.), a vigorous reaction 
ensuing. The resultant sublimate formed pale-yellow needles (0-01 g.), m. p. 236° (from 
ethanol). (b) The thiazepine and copper bronze were heated under nitrogen with diethyl 
phthalate (3 c.c.) at the b. p. for 5—7 min. The cooled mixture was diluted with dry benzene 
(30 c.c.), heated with charcoal, filtered, and concentrated. Addition of light petroleum (b. p. 


* Kosuge and Miyashita, Pharm. Bull. (Japan), 1954, 2, 397; Chem. Abs., 1956, 50, 12057. 
7 Nunn, Schofield, and Theobald, J., 1952, 2792. 
* Arcus and Coombs, /J., 1954, 4319. 

® Moore and Huntress, J. Amer. Chem. Soc., 1927, 49, 2618. 





eS 








[1957] Extrusion of Sulphur. Part 11. 3821 
60—80°) afforded 7-nitro-9-phenylphenanthridine, m. p. and mixed m. p. with the sample from 
(a) 235—236° (yield 85%) (Found: C, 76-4; H, 3-9; N, 9-5. CC, 9H,,O,N, requires C, 76-0; 
H, 4:0; N, 9-3%). 

Oxidation of 2-nitro-11-phenyldibenzo[b,f]-1 : 4-thiazepine——The dibenzothiazepine (2 g.) 
and hydrogen peroxide (30%; 2 c.c.) in acetic acid were heated at 100° for 30 min. The 
cooled solution deposited pale yellow needles, apparently of a mono-oxide of the thiazepine, 
although the analytical figures were high and rather variable (Found: C, 66-9, 66-3; H, 4-0, 
3-6; N, 8-2, 8-3. Calc. for C,gH,,O,N.S: C, 65-5; H, 3-5; N, 8-0%). This substance was 
converted quantitatively into 7-nitro-9-phenylphenanthridine when boiled (2 min.) with copper 
bronze in diethyl phthalate. 

2-Benzoyl-2’ : 4-dinitrodiphenyl Sulphone.—(a) To a boiling solution of 2-nitro-11-pheny]l- 
dibenzothiazepine (2 g.) in acetic acid (20 c.c.) hydrogen peroxide (30%; 1 c.c.) was added 
every $ hr. for 6 hr. The yellow solid, obtained after cooling and diluting with water, 
afforded 2-benzoyl-2’ : 4-dinitrodiphenyl sulphone as needles, m. p. 217° (from ethanol) (Found: 
C, 55-6; H, 3-3; N, 7-0. C,,H,,O,N,S requires C, 55-35; H, 2-95; N, 6-8%). This sulphone 
was heated for a few min. with piperidine, and the resultant solution was cooled, acidified with 
5n-hydrochloric acid, and extracted with ether. The ethereal extract was washed with a small 
volume of water, then with aqueous sodium carbonate and again. with water. 5-Nitro-2- 
piperidinobenzophenone, m. p. and mixed m. p. 100—102°,* was recovered from the ethereal 
residue. Chlorine was passed into the carbonate washings and the precipitated gum was 
collected, washed with water and treated with ammonia solution (d 0-88) affording o-nitro- 
benzenesulphonamide, m. p. and mixed m. p. 191°. (b) 2-Benzoyl-2’ : 4-dinitrodiphenyl sulphide, 
m. p. 139° (from benzene-ethanol), was prepared (15 min. at 70°) from sodium o-nitrophenyl 
sulphide and 2-chloro-5-nitrobenzophenone in aqueous ethanol (Found: C, 60-25; H, 3-3; 
N, 7-5. C,,H,,0;N,S requires C, 60-0; H, 3-2; N, 7-4%). It was oxidised to the sulphone, 
m. p. and mixed m. p. 215—217°, by hydrogen peroxide (30%) in acetic acid (1 hr. at 100°). 

5-Nitro-2-p-tolylthiobenzaldehyde.—Thio-p-cresol (0-13 g.) was. added to a suspension of 
(2-formyl-4-nitropheny])pyridinium -toluene-p-sulphonate * (0-4 g.) in anhydrous pyridine 
(3 c.c.) and after some hours the solution was poured into a mixture of ice and dilute hydro- 
chloric acid affording 5-nitro-2-p-tolylthiobenzaldehyde, m. p. and mixed m. p. 196° * (from 
acetic acid). 

2- Nitrodibenzo[b,f]-1 : 4-thiazepine —2-Chloro-5-nitrobenzaldehyde (1-15 g.) in ethanol- 
water (10 c.c.; 4:1) was slowly added to a solution prepared from o-aminothiophenol hydro- 
chloride (1 g.) and sodium hydroxide (0-5 g.) in the same solvent (10 c.c.). After 30 min. the 
orange-coloured precipitate was rubbed with a little glacial acetic acid affording 2-nitrodibenzo- 
[b,f]-1 : 4-thiazepine as pale-yellow needles, m. p. 178° (from ethanol), max. 224 and 317 mu 
(log « 4:36 and 3-86) (Found: C, 61-05; H, 3-15; N, 11-3. C,;H,O,N,S requires C, 60-9; 
H, 3-15; N, 10-95%). The yields (92% maximum) fell considerably (to ca. 45%) when the 
order of mixing the reacting solutions was reversed. (b) o-Aminothiophenol hydrochloride 
(0-16 g.) was added to a suspension of N-(2-formyl-4-nitrophenyl)pyridinium toluene-p- 
sulphonate ? (0-4 g.) in anhydrous pyridine and after 1 hr. the red solution was poured into 
dilute hydrochloric acid at 0°. The resultant solid after chromatography (in benzene on 
alumina) afforded the above dibenzothiazepine, m. p. and mixed m. p. 178°. 

7-Nitrophenanthridine, m. p. 174°, was obtained in poor yield when 2-nitrodibenzothiazepine 
was heated alone with copper bronze at 290°, and in 63% yield when diethyl phthalate was 
used as medium, the product being isolated as described for the 9-phenyl derivative (Found: 
C, 69-7; H, 3-65; N, 12-4. Calc. for C,;H,,O,N,: C, 69-6; H, 3-6; N, 12-5%). For this 
compound Arcus and Coombs ® record m. p. 180°. The present specimen on oxidation 
afforded 7-nitrophenanthridone, m. p. and mixed m. p. 326°. 

11- Methyl-2-nitrodibenzo[b,f]-1 : 4-thiazepine—Sodium hydroxide (0-5 g.) in ethanol— 
water (4:1; 4 -c.c.) was slowly stirred into a warm solution of 2-bromo-5-nitroacetophenone 
(1-5 g.) and o-aminothiophenol hydrochloride (1 g.) in the same solvent. The resultant yellow 
solid afforded 2-acetyl-2’-amino-4-nitrodiphenyl sulphide (yield, 78%), m. p. 162° [from benzene— 
light petroleum (b. p. 60—80°)] (Found: C, 58-5; H, 40; N, 9-8. C,,H,,0O,;N,S requires 
C, 58-3; H, 4-2; N, 9-7%), and this, when heated with acetic anhydride, yielded the corre- 
sponding 2-acetamido-compound, m. p. 148° (from benzene) (Found: C, 58-4; H, 4-2; N, 8-75. 
C,,H,,O,N.S requires C, 58-2; H, 4-3; N, 85%). The amino-sulphide (0-8 g.) was heated 
for 30 min. at 140° with polyphosphoric acid [from phosphoric acid (4 c.c.) and phosphoric 
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oxide (10 g.)], and the cooled mixture was diluted with water (75 c.c.) affording 11-methyl-2- 
nitrodibenzothiazepine as pale-yellow prisms, m. p. 139°, Amax. 226, 298, and 309 my (log « 4-36, 
3-85, and 3-85) (Found: C, 62-35; H, 3-8; N, 10-4. C,,H,,O,N,S requires C, 62-2; H, 3-7; 
N, 10-4%). 

9-Methyl-7-nitrophenanthridine, m. p. and mixed m. p. 242—243°,!° was obtained (yields, 
48—55%) from 11-methyl-2-nitrodibenzothiazepine as described under the preparation (6) 
of its 9-phenyl analogue (Found: C, 70-7; H, 4-1; N, 11-75. Calc. for C,,H,sO,N,: C, 70-6; 
H, 4-2; N, 11-8%). The compound was oxidised 7 by sodium dichromate in acetic acid to 
7-nitrophenanthridone, m. p. and mixed m. p. 325°. 

Oxidation of Nitrophenanthridones.—(a) A finely divided suspension of 7-nitrophenanthridone 
(1 g.; m. p. 326°), prepared by dissolution in concentrated sulphuric acid (5 c.c.) and made 
alkaline after dilution with water (100 c.c.), was heated (15 min.) with potassium permanganate 
(6 g.). The filtrate and washings from precipitated manganese dioxide were concentrated, 
acidified, and extracted with ether first briefly (extract A) and then exhaustively (extract B). 
Phthalic acid was not detected in extract A. Extract B afforded a solid which when treated 
with aniline in ethanol gave 4-nitrophthalic acid as the aniline salt, m. p. and mixed m. p. 
181—182° (decomp.), also identified by its infrared absorption spectrum. (b) Similar treatment 
of material (m. p. 282—284°) prepared as described by Moore and Huntress ® afforded, from 
extract A, phthalic acid which was identified as the aniline salt, m. p. and mixed m. p. 159° 
(decomp.), and by infrared spectrum; while from extract B 4-nitrophthalic acid was again obtained. 
When the oxidation times in (a) and (b) were extended to 4 hr., extract B afforded only oxalic 
acid which was identified as the aniline salt, by its m. p. and mixed m. p. 163° (decomp.), and 
by its infrared spectrum. 

2-Nitro-11-m-nitrophenyldibenzo[b,f]-1 : 4-thiazepine-——To a hot suspension of 2-chloro- 
3’ : 5-dinitrobenzophenone #1 (1-9 g.) in ethanol—water (25 c.c.; 4:1) was slowly added a 
solution prepared from o-aminothiophenol hydrochloride (1 g.) and sodium hydroxide (0-5 g.) 
in the same solvent (15 c.c.). After several hours the thiazepine was obtained as yellow prisms, 
m. p. 246° (from acetic acid; yield, 76%) (Found: C, 60-7; H, 3-3; N, 11:3. C,,H,,O,N,S 
requires C, 60-5; H, 2-95; N, 11-1%). 

7-Nitro-9-m-nitrophenylphenanthridine, m. p. 264° (from benzene—ethanol), was obtained 
from 2-nitro-11-m-nitrophenyldibenzothiazepine as described for the 9-phenyl analogue, in 
traces by method (a) and in 70% yield by method (b) (Found: C, 66-1; H, 3-05; N, 12-2. 
Calc. for C,,H,,O,N,: C, 66-1; H, 3-2; N, 12-2%). The m. p. was undepressed on admixture 
with an authentic specimen,'* and the infrared spectra of the specimens were identical. 

2 : 4-Dinitro-11-phenyldibenzo[b,f]-1 : 4-thiazepine-—A suspension of 2-chloro-3 : 5-dinitro- 
benzophenone (1-9 g.) in ethanol—water (4: 1; 25 c.c.) was treated at 0° with a solution prepared 
from o-aminothiophenol hydrochloride (1 g.) and sodium hydroxide (0-5 g.) in the same solvent; 
a reddish solid was deposited which was adsorbed on alumina from dry benzene and eluted with 
benzene-light petroleum (b. p. 60—80°) (1:1). This eluate (for a later eluate, see next para.) 
afforded the thiazepine as yellow prisms (yield 50%), m. p. 200° (from ethanol); Amax. 233 and 
320 my (log « 4-46 and 3-86), shoulder at 265 mu (log e 4-29) (Found: C, 60-9; H, 3-15; N, 11-0. 
C,,H,,0,N,S requires C, 60-5; H, 2-9; N, 11-1%). This thiazepine was either unchanged or, 
on prolonged treatment, was extensively charred when heated with copper alone or in ethyl 
phthalate. 

1-Benzoyl-3-nitrophenothiazine, bright red needles, m. p. 179° (from ethanol or benzene), 
was obtained (a) (yield, 20%) by eluting, with benzene containing a little ethanol, the alumina 
column from which the foregoing thiazepine had been removed; (b) (yield, 58%) as the only 
product from the interaction of 2-chloro-3 : 5-dinitrobenzophenone and o-aminothiophenol 
in pyridine as solvent and base (Found: C, 64-8; H, 3-3; N, 8-0. (C,,H,,O,N,S requires 
C, 65-5; H, 3-6; N, 8-0%); Amax. 242, 301, and 462 my (log ¢ 4-7, 4-45, and 3-21). Oxidation 
by hydrogen peroxide in acetic acid (14 hr. at 100°) converted the phenothiazine into the SS- 
dioxide, m. p. 258° (from acetic acid) (Found: C, 59-85; H, 3-4; N, 7-7. C,,H,,0;N.S requires 
C, 60-0; H, 3-2; N, 3-4%). 

2 : 4-Dinitrodibenzo[b,f]-1 : 4-thiazepine —Powdered toluene-p-sulphonyl chloride (0-45 g.) 
was added to a cooled suspension of 3 : 5-dinitrosalicylaldehyde (0-5 g.) in pyridine (4 c.c.); 

1° Morgan and Walls, J., 1932, 2225. 


4! Loudon, Robertson, and Watson, J., 1950, 55. 
12 Walls, J., 1945, 294. 
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after 1 hr. the solution was treated with o-aminothiophenol hydrochloride (0-38 g.), and after 
another hour poured into ice—dilute hydrochloric acid. The brown-red solid was chromato- 
graphed on alumina (from benzene) yielding, in the first eluate, yellow prisms of the thiazepine, 
m,. p. 234° (from chloroform); Amax, 234 and 317 my (log <« 4-45 and 3-82) (Found: C, 52-0; 
H, 2-6; N, 14-2. C,,H,O,N,S requires C, 51-8; H, 2-3; N, 13-95%). Attempts to convert 
this compound into a phenanthridine failed. 

2-(2 : 4-Dinitrobenzylideneamino)thiophenol (VII) was obtained as red crystals, m. p. 131° 
(from ethanol), from 2: 4-dinitrobenzaldehyde and o-aminothiophenol hydrochloride (1 mol. 
each) at 0° (for 2 hr.) in aqueous ethanol and under nitrogen, both in presence and, better, in 
absence of sodium hydroxide (Found: C, 51-3; H, 3-4; N, 13-85. C,,H,O,N,S requires 
C, 51-5; H, 3-0; N, 13-9%); Amax, 318 my (log « 3-94). When heated (30 min.) with acetic 
anhydride it afforded an acetyl derivative, as yellow needles, m. p. 141° (from methanol) (Found: 
C, 52-5; H, 3-2; N, 12-2. C,;H,,0O;N,S requires C, 62-5; H, 3-2; N, 12-2%); Amex, 230 mu 
(log e 4-36), shoulders at 255 and 297 my (log ¢ 4-35 and 3-84). When the thiol in ethanol was 
treated dropwise with a solution of iodine in aqueous ethanolic potassium iodide bis-[2-(2 : 4- 
dinitrobenzylideneamino)phenyl| disulphide was precipitated. It had m. p. 201° (from acetic 
acid) and was identical with a specimen prepared by condensing 2: 4-dinitrobenzaldehyde 
with di-o-aminopheny! disulphide in aqueous ethanol containing a little concentrated hydro- 
chloric acid (Found: C, 52-1; H, 3-1. C,,H,,O,N,S, requires C, 51-6; H, 2-7%). 

2-(2 : 4-Dinitrophenyl)benzothiazole, m. p. 162° (from ethanol), was prepared (a) by careful 
admixture of 2: 4-dinitrobenzoyl chloride with zinc o-aminophenyl sulphide (1 mol. each) 
followed by heating (5 min. at 100°), washing the cooled mixture with n-sodium hydroxide, and 
purifying the residue in ethanol (charcoal); (b) by oxidation of the thiophenol (VII) by ferric 
chloride in ethanol or by dissolution in pyridine or in ethanolic sodium hydroxide (Found: 
C, 52:0; H, 2-7; N, 13-7. C,;H,O,N,S requires C, 51-3; H, 2-35; N, 13-95%); Amax, 330 
muy (log ¢ 4-12). 


We are indebted to the University of Glasgow for awards of a Faculty Grant and a Donaldson 
Scholarship to one of us (A. D. J.). Microanalyses were carried out by Mr. J. M. L. Cameron 
and his staff. 
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760. The Rotatory Dispersion of L( +)-«-Alanine. 
By M. K. HArGREAVES and P. J. RICHARDSON. 


The rotatory dispersion of L(-++)-«-alanine in various solvents at several 
temperatures has been examined in the visible region. 


S@RENSEN ! showed that amino-acids could be titrated like other acids in the presence of 
formaldehyde, assuming that the formaldehyde blocked the amino-group, probably by the 
formation of a compound of Schiff’s base type. But Levy * considered the equilibria 
governing this titration to be: 
+NH,°CHR-CO,- == NH,-CHR:CO,- + H* 
NH,-CHR-CO,- + CH,O === (CH,-O-NH,)-CHR-CO,- 
NH,°CHR-CO,- + 2CH,O == [(CH,O),NH,]-CHR‘CO,- 


Thus the reaction between formaldehyde and the amino-acid should occur only when the 
latter is in its ‘‘ neutralised” or deprotonated form. Svehla* has shown, however, by 
molecular-weight measurements, that weakly bonded compounds are formed between 
formaldehyde and amino-acids even in simple aqueous solutions. Levy considered these 
to be of no importance in the Sorensen titration, but Loiseleur and Crovisier ¢ continued to 
1 Sorensen, Biochem. Z., 1908, 7, 45. 
* Levy, J. Biol. Chem., 1932—33, 99, 767. 


3 Svehla, Ber., 1923, 56, 331. 
* Loiseleur and Crovisier, Bull. Soc. Chim. biol., 1942, 24, 241. 
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accept the Serensen explanation, assuming that a large change in pH occurs when 
formaldehyde is added to an aqueous solution of the acid. This assumption is hardly 
supported by results obtained in the present work, which was carried out at similar con- 
centrations to those of Loiseleur and Crovisier, the observed pH change being 0-2 unit and 
thus insufficient to explain the altered titration behaviour. 

Loiseleur and Crovisier also showed that amino-acids may undergo mutarotation at 
pH 7 in the presence of formaldehyde. Frieden, Dunn, and Coryell ® observed an exalt- 
ation of the rotatory power of amino-acids (in the anionic form) in the presence of form- 
aldehyde, but in this case no mutarotation was found. Mutarotation of ethanolic solutions 
of amino-esters on addition of acetone has been recorded by Bergel and Lewis,* who 
considered that this might be due to the formation of an amino-alcohol by interaction of 
the amino-group and the keto-group of the acetone: 


EtO,C-CHR-NH, + OCMe, =—= EtO,C-CHR-NH-CMe,-OH 


Since they recovered some of their starting material (when this was crystalline, ¢.g., 
tyrosine ethyl ester) merely by precipitation with a hydrocarbon or, more effectively, by 
evaporation in the cold, it seems that any bonds formed are of low energy. _ Professor 
Bergel (in a personal communication) has stated that there is evidence that in non-aqueous 
solvents the reversible equilibrium is carried a stage further, to the formation of the Schiff’s 
base with elimination of water. 

Such systems lend themselves to study by means of their optical rotatory dispersion. 
As a preliminary, one of Bergel and Lewis’s amino-acids, (+)-a-alanine, has been 
examined. Cursory studies have previously been made by Patterson and Brode ? and by 
Brand ¢e al.* The low solubility of alanine even in solutions containing only 10% of 
organic solvent severely restricted the scope of our work: as far as possible the measure- 
ments were carried out at a fixed alanine concentration of 10%. More dilute solutions are 
preferable but even at this concentration the observed rotations for green light are only of 
the order of half a degree. 

Results —When acetone, dioxan, or mono- or di-methylformamide is added to an 
aqueous solution of alanine there is a general exaltation of the rotatory power in the visible 
region. On the other hand, increasing the temperature of the first three of these solutions 
reduces their rotatory power, as is the case with the solution in pure water Within the 
limits of experimental error the reductions in rotatory power are identical (Table 1). 


TABLE 1. Effect of temperature on the rotatory power * of L(+-)-«-alanine 
in various solvents. 


Molar ratio, 

Solvent c active agent: alanine [M]32 [My2, Diff. 
4-5% Aq. NHMe‘CHO ......... 10 0-7: 1 3-10° 2-38° 072° 
FUR, . vidncidiesbntdentsinddbatesacseve 10 -- 2-60 1-98 0-62 
iy Bs CARE cvcccecescecrccsce 10 0-5:1 2-73 2-00 0-73 
BO BR GEIR, cccccssecccccce 10 15:1 3-21 2-35 0-66 
BE, BG. GIG cscccccsecccoce 10 1-2:1 3-90 3-19 0-71 
SS eee ee 3-4 6-6:1 15-13 14-05 1-08 
EEE caieeiiessisinmateteidie’ 4 23:1 15-22 14-10 1-12 
ME wadhsnnhionsedauaabinsiiiniinds 5 oa 1-87 1-25 0-62 
ee te Oe ee 4-8 2:1 5-06 3-64 1-42 
DEE anatdassnnsticcsanece 4:8 3:1 5-27 3-50 1-77 


* The figures for [M] are interpolated from Tables 2 and 3. 


The effect of temperature on the acid, “ neutral,” and alkaline solutions can be 
compared in the same way. In this case the largest reductions are observed with the 


5 Frieden, Dunn, and Coryell, J, Phys. Chem., 1943, 47, 10, 20. 
* Bergel and Lewis, Chem. and Ind., 1955, 774. 
? Patterson and Brode, Arch. Biochem., 1943, 2, 247. 
. * Brand, Washburn, Erlanger, Ellenbogen, Daniel, Lippman, and Scheu, J. Amer. Chem. Soc., 1954, 
, 5037. 
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alkaline solutions; the acid solutions show a rather smaller effect but with the aqueous 
solutions the reduction is about half that observed for the other two. A full analysis of 
the temperature effect by the equilibrium method * would be desirable but the relative 
inaccuracy of these measurements renders success in this unlikely. The strong dependence 
of the rotation on temperature suggests that the rotatory power is very dependent on an 
equilibrium of different forms, particularly in alkaline and acid solution. The actual 
variation of the rotatory power of the aqueous solutions is rather similar to that observed 
for octan-2-ol,!° though the percentage variation is much higher. The production of 
negative rotations at the higher temperatures shows that at least one of the equilibrium 
forms has a negative rotatory power (see Table 2). 


TABLE 2. Variation in the molecular rotatory power of L(+-)-«-alanine with concentration 
in aqueous solution and with hydrogen-ion concentration (1 = 2 dm.). 


Wavelength (A) {Messe 
Solvent c* Temp. 6438 5893 5780 5461 5086 4800 4358 [M] see 
Se ae 10 24-8° 1-33° 221° 2-30° 2-60° 3-41° 3-78° 5-46° 2-10 
10 35-4 180 = 192 222 2-99 3-38 4:77 2-15 

10 45-4 one -= 150 1:72 2-39 2-79 3-83 2-23 

10 53-8 oo — 116 1:35 1:80 2-21 2-92 2-16 

Wiis 7-5 25-3  — 205 2-31 2-97 3-45 5-05 2-18 
75 55:3 oo — 0-78 O95 116 1-56 2-31 2-43 

75 67-1 0-90 — 0-44 0-56 0-61 0-86 1-45 2-58 

75 73-3 ons = 0-06 O15 0-09 0-39 0-63 4:2 

75 95-3 — — —O66 —-196 — ~——— 1-23 

WD ia ccsiceviis 5 25-0 059 — 161 187 2-44 2-80 3-40 1-82 
5 38-0 ok — 1:14 138 1-79 2-21 2-84 2-05 

5 560 -—022 — 0-46 0-66 1:04 1-00 1-37 2-07 

5 oo -~6197 — — 007 007 — — — 

0-9n-HCI...... 4 25-2 9-86 12-51 13-23 15-22 18-00 21-03 28-36 1:86 
4 45-0 $49 — 12-36 13-92 17:13 — 26-49 1-90 

4 66-9 YY a 11-28 13-03 1641 — 24-56 1-88 

4 96-7 cs — 9-98 11-49 1420 — 21-72 1-89 

2-5N-HC1...... 3-4 25-2 8-96 — 13-16 15-13 18-29 20-70 26-88 1-77 
3-4 47-4 CC — 11-84 1357 1615 — 24-92 1-96 

3-4 64-6 eo — 10-92 12-70 1535 — 23-41 1-84 

3-4 97-1 596 — 9-93 11:33 13:38 — 20-69 1-82 

1-08n-NaOH 48 25-3 3-41 4-10 447 5:06 602 6-16 8-45 1-67 
4:8 47-6 . — 281 3:08 3-68 3-53 5-15 1-67 

1-62n-NaOH 48 25-3 2-59 3-95 451 527 651 6-99 8-10 1-54 
48 48-0 om -— 2-49 2-77 3-81 3-83 3-91 1-41 

48 982 —-106 — —104 —1:15 —171 — 2-16 1-87 


* The “c”’ values at the higher temperatures are approximate; the values used were corrected 
for the expansion of the solution. 


Addition of acetone to acid solution has virtually no effect on the rotatory power, but 
dioxan exalts it (Table 3), as in the “ neutral” solution. On the other hand, addition of 
dioxan to an alkaline solution of alanine, if anything, reduces the rotatory power slightly, 
whereas addition of acetone reduces it most markedly, to a value similar to that observed 
in pure water. 

Discusston.—The effect of acetone on the aqueous solution is in a similar sense to that 
observed by Bergel and Lewis * for an ethanolic solution of the ester, though it is less 
pronounced. (see Table 4). Owing to the small value of the rotatory power it is hardly 
feasible to follow any rapid change kinetically, but no detectable mutarotation over a long 
period was noticed. The distinction drawn by Levy between the action of formaldehyde 
on amino-acids in the presence and absence of an equivalent amount of alkali is supported 
by the rotatory behaviour of alanine in aqueous acetone in the presence of acid and of 
alkali (Tables 3 and 4). 


* Hargreaves, J., 1957, 1071. 
10 Hargreaves, J., 1953, 2953. 
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TaBLe 3. Effect of organic solvents on the molecular rotatory powers of aqueous acid 
and alkaline solutions of L(+-)-a-alanine. 


Solvent c Temp. [M] saci 

MEINE .ctutninadepinebdbicddesicceudedastntectegetntes 4:8 “> 5-27 
1-49n-NaOH -- acetone (6-49 w/v) — ......scecseeeeees 4-4 25-2° 2-30 
4-4 38-7 2-14 

1-49N-NaOH + dioxan (9°5%) ......scceccccseeeeeeees 4-4 25-2 5-12 
IE veccttivcccnctedeceveticcsceceesascnsetesectibicssiess 3-4 25-2 15-09 
2-26N-HCI1 + acetome (9°0%) .....cccccccvcssccssccesees 3-1 26-2 15-08 
2-26N-HCI + dioxan (12-0%) .......cscsscsecseceseeeees 3-1 25-2 16-79 


TABLE 4. Molecular rotatory powers of L(-+-)-«-alanine in various aqueous 
solvents (1 = 2 dm.). 


Wavelength (A) [Maas 
Solvent c* Temp. 6438 58993 5780 5461 5086 4800 4358 [M]ssa 

3% Aq. COMes 26000... 10 25-22 +#1-39° — 2:38° 2-73° 331° 3-86° 5-57° 2-04 
10 41-1 1-05 —— 1-68 2-00 2-47 2-92 4:07 2-03 

10% Aq. COMe, ...... 10 25-4 1-98 2-54° 265 3-17 403 446 5-78 1-82 
, 10 39-8 1-25 oe 209 238 295 3-43 4-50 1-89 

10 51-6 1-01 — 1-63 185 2-34 2-67 3-30 1-78 

11%, Aq. Dioxan ...... 10 25-2 246 313 3-47 3-88 478 6-56 7-39 1-90 
10 42-2 1-69 -- 275 312 3-79 4-36 6-30 2-01 

10 60-7 1-33 ~- 1:99 231 2-66 3-04 4:48 1-94 

10 75-6 0-76 —_ 1-34 151 1-63 _ 3-19 2-11 

10 96-4 ao — 0-45 O59 — _ 1-16 1-97 

4-5% Aq. NHMe-CHO 10 25-0 2-47 2-61 268 310 3-85 4-23 6-20 2-00 
10 39-1 1-74 —_ 2-19 244 3-13 —- 5-29 2-16 

10 64-4 0-73 ~- 1-11 1-28 1-72 -- 2-88 2-25 

10 94-9 —- — -031 -—030 — a —0-:22 — 

22% Aq. NHMe-CHO 6-7 25-3 2-67 3-46 3-68 427 5-12 = 8-27 1-93 
6-7 40-4 1-87 _— 2-91 3-35 4-00 — 6-49 1-94 

6-7 60-9 1-30 — 1-97 2:29 2-79 —_ 4-26 1-86 

10 95-0 045 O55 — ae 1-90 3-45 

Aq. NMe,°CHO ......... 10 25-3 289 3-19 3-43 3-98 5-20 5-91 7-75 1-94 


* Cf. Table 2. 


The rotatory behaviour of a-alanine in neutral aqueous acetone may be ascribed to 
compounds similar to those shown by Svehla® to exist between amino-acids and 
formaldehyde. Formation of these compounds may merely give preference to a particular 
conformation of the optically active molecule or it may act more directly by influencing 
the asymmetry of the electronic field. Bergel and Lewis’s results, in particular, indicate 
that the compounds formed under these conditions are unstable. The exaltation which 
occurs in mono- and di-methylformamide might also be attributed to similar compound 
formation between the amino-acid and the keto-carbonyl group of these molecules. 

The effect of adding dioxan to the aqueous solution cannot, however, be ascribed to a 
similar cause, and its effect is noticeably greater than that of acetone. 

The exaltation produced by dioxan might be explained in terms of the increase of the 
dissociation constant of the amino-acid with reduction of the dielectric constant of the 
solvent, particularly since alanine in sodium hydroxide solution shows a rather greater 
exaltation. This is, however, contrary to the available evidence which shows that 
dissociation is suppressed by lowering the dielectric constant of the medium. Quantit- 
atively this behaviour can be explained in terms of variation in the dissociation of the acid 
only if its anion can be presumed to have a large negative rotatory power. A plot of the 
available figures for the variation of the dissociation constant of lysine “ with the dielectric 
constant of its aqueous-ethanolic solvent (for this purpose the dielectric constants are 
assumed to be approximately additive) shows that for a 10% solution of dioxan in water 


11 Schmidt, “‘ The Chemistry of the Amino Acids and Proteins,” Thomas, Springfield, 1938, p. 195; 
Jukes and Schmidt, J. Biol. Chem., 1934, 105, 359. 
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(ec 72) the pK, should be 2°32, compared with 2-18 in water. Although the actual figures 
for alanine would be different their variation may be expected to be similar. This 
variation corresponds to a change in the concentration in the alanine anion of 1 part per 
100 parts of alanine. The observed exaltation (ca. 1-3°) in the dioxan solution corresponds, 
therefore, to a value of about —150° for the molecular rotation of the alanine anion at 
5461 A. A direct check on this figure is not possible as there is evidence 1 that even 
alkali salts of weak organic acids are engaged in complex-formation, but in view of the 
observed rotation of the acid in sodium hydroxide solution (ca. -+-5°) the value of —150° 
seems very unlikely. 

Also against a simple interpretation in terms of the variation of the dielectric constant 
of the solvent are the rotations obtained in the presence of substituted formamides. Both 
these added solvents raise the rotatory power of an aqueous solution of alanine. Dimethyl- 
formamide (¢ 38-6) raises the rotatory power rather more than does the monomethyl 
compound (ce 190-5),1* but both exalt the rotatory power though one may be expected to 
reduce the dielectric constant of the medium and the other to raise it. In this case it is 
possible that compound formation and the electrical effect may be both active, either 
reinforcing or opposing each other. From this also it appears that the dielectric effect 
must be too small to make the major contribution to the change. 

In considering the effect of the solvents their electrical nature must, of course, be taken 
into account. Lutz and Jirgensons * have shown, for example, that for alanine [M] has 
an almost constant value with the variation of the acid concentration above a molar 
acid : amino-acid ratio of 6:1. Below this figure the rotation drops sharply to the 
neutral value, and then rises slowly with the alkali concentration. Thus the cation 
*NH,CHR’CO,H apparently has a much higher rotation than the zwitterion, 
*NH,°CHR:’CO,-, or the anion, NH,-CHR’CO,-. Table 3 shows that the addition of 
acetone to the acid solution of alanine has no detectable effect on the rotatory power. At 
these acid strengths Lutz and Jirgensons found no large variation of rotatory power with 
concentration. On the other hand, dioxan raises the rotatory power by approximately 
the same amount as in neutral solution. The position is reversed in the alkaline solutions; 
in this case the addition of dioxan has virtually no effect on the rotatory power, whilst the 
addition of acetone reduces the rotatory power of the solution to half its value, so that it 
approximates to that in neutral solution. Thus it seems probable that if the acetone 
exerts its influence through the amino-group the effect of the dioxan is exerted through the 
carboxyl group. In addition it is noteworthy that the effect of temperature on both the 
cationic and the anionic form is apparently greater than on the neutal form. The elucid- 
ation of this behaviour clearly involves a discussion of the structure of the zwitterion; it 
is hoped to undertake this later. 


EXPERIMENTAL 


t-Alanine (from Roche Products) gave only a single spot when its paper chromatogram was 
run with either the butanol—acetic or the phenol—water solvent and developed with ninhydrin. 

The rotatory powers were correct to +0-005° for 5780 and 5461 A, and about +0-03° for 
the other lines. Temperatures were constant within +0-2°, and were measured in the solution. 

Solvents were distilled immediately before use. 

To 0-0509N-alanine solution (50 c.c.) of pH 5-91 was added formaldehyde solution (23-1% 
of formaldehyde, as determined by alkaline iodine) (5 c.c.) of pH 6-14, obtained by distilling 
“40% formalin ” from sodium carbonate and collecting the distillate in water; the pH after 
mixing reached a steady value of 5-70. 

With solutions more concentrated in formaldehyde than those used by Loiseleur and 
Crovisier * the change is rather greater than this, viz.: 25 c.c. of the above alanine solution 


12 Hargreaves and Richardson, J., 1957, 2260. 
13 Leader and Gormley, J. Amer. Chem. Soc., 1951, 78, 5731. 
14 Lutz and Jirgensons, Ber., 1930, 68, 448. 
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(pH 5-91), mixed with 25 c.c. of the formaldehyde solution of pH 6-14, gave a solution with 
pH 5-27. 

The change in pH of formaldehyde solution on dilution with water corresponds to additivity 
of the hydrogen-ion concentrations: 5 c.c. of the above formaldehyde solution (pH 6-33), 
diluted with 50 c.c. of water (pH 6-00), gave a solution of pH 6-06. 

No significant change was observed on dilution of alanine: 0-0509N-alanine (pH 6-13), 
diluted with an equal volume of water (pH 6-08), gave a solution with pH 6-12. 


We thank the Central Research Fund Committee of the University of London for grants. 
The work was carried out during the tenure by one of us (P. J. R.) of a Post-Graduate Research 
Scholarship at Queen Elizabeth College. 
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761. The Preparation and Properties of Di-n-butylboronous 
Anhydride. 


By W. GERRARD, M. F. LapPert, and R. SHAFFERMAN. 


Di-n-butylboronous anhydride, (Bu",B),O, was prepared by reaction 
of n-butylmagnesium bromide and ether—boron trifluoride and subsequent 
hydrolysis. With alcohols (except ¢ert.-butyl) it yielded the appropriate 
boronites, Bu®,B*OR; with boron halides (Cl, Br) the di-n-butylboron 
halides, Bu®,BX; and with phosphorus pentachloride di-n-butylboron 
chloride. With water it gave di-n-butylboronous acid, Bu®,B*OH. All the 
products of these reactions could be reconverted into the anhydride. With 
acetic acid, di-n-butylboronous anhydride was de-butylated to give 
[Bu"(AcO)B],O. It did not react with bases, thionyl chloride, or hydrogen 
chloride. The di-n-butylboron halides were readily hydrolysed and formed 
2: 1 complexes with pyridine. The results are discussed. 


DI-n-BUTYLBORONOUS ANHYDRIDE, (Bu®,B),0, has been prepared! by the reaction of 
aqueous hydrobromic acid with tri-n-butylboron, as well as by the addition ? of -butyl- 
magnesium bromide to m-butyl ethylene borate, Bu"O-B(O-CH,°),. Of the boronous 
esters, R,B-OR’, only n-butyl di-n-butylboronite has hitherto been prepared (though 
not characterised); one method involved the esterification of the anhydride. Di-n- 
butylboron chloride had been obtained * from tri-n-butylboron (Bu®,B + HCl—+ C,H, 
-+- Bu®,B-Cl), and by the action of phosphorus pentachloride on n-butyl di-n-butylboronite.4 
The corresponding bromide had been obtained by treating anhydrous hydrogen bromide 
or bromine with tri-n-butylboron; ! thermochemical data are available for the hydrolysis 
of both these butylboron halides to give di-n-butylboronous acid.5 The present paper is 
the first of a series designed to outline systematically the chemistry of the dialkylboron 
system, R,B-Y, and is concerned mainly with the chemistry of di-n-butylboronous 
anhydride, (Bu®,B),0. 

Di-n-butylboronous anhydride has now been obtained [scheme (1)] in 56% yield by 
the interaction of m-butylmagnesium bromide (2 mols.) with ether—boron trifluoride 
(1 mol.), subsequent acid hydrolysis, and distillation. This method appears to be superior 
to earlier ones,*® both in yield and in number of steps involved: 


H,O —H,O 
2Bu"MgBr + BF, ——s> Bu,B-OH ——+> }(Bu",B),O. . . ae! 





Johnson, Snyder, and Van Campen, J. Amer. Chem. Soc., 1938, 60, 115. 
Letsinger and Skoog, ibid., 1954, 76, 4174. 

Booth and Kraus, ibid., 1952, 74, 1415. 

Mikhailov and Shchegoleva, Isvest. Akad. Nauk, Otdel. Khim. Nauk, 1956, 508. 
Skinner and Tees, J., 1953, 3378. 

Rothstein and Saville, J., 1952, 2987. 
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With a representative selection of alcohols the anhydride was directly esterified to 
give the appropriate boronite [scheme (2)], although as with the corresponding diphenyl- 
boronous system,’ the method was not applicable for the preparation of the ¢ert.-butyl 


ester. 
(Bu",B),O + 2ROH ——» 2Bu",BOR+H,O ..... . + (2) 


The (+-)-l-methylheptyl ester was also obtained [scheme (3)} by the interaction of 
(+-)-octan-2-ol with di-n-butylboron chloride: 
Bu,"BCI + ROH ——» Bu,BOR+HCI. . . . .. ~~. (3) 
The n-butyl ester was hydrolysed by azeotropic distillation, with excess of water to 
remove the alcohol formed, but hydrolysis of the 1-methylheptyl ester was carried out 
with aqueous sodium hydroxide: 
Bu",B-OR + H,O ——» Bu",BOH+ROH ...... . 4) 
Di-n-butylboronous anhydride was also readily hydrolysed by cold water and the 
reaction proved reversible at low pressure: 


H,O 
(Bur,8),0 ——= 2BuBOH . es OS) 





By adding the anhydride to boron trichloride or tribromide, the appropriate di-n- 
butylboron halide was readily formed and the accompanying unstable boron oxyhalide 
decomposed : 


(Bu",B),O + BX, — 2Bu,BX+BOX ........ @ 
ee ee eee 

Di-n-butylboron chloride was also obtained by reaction (8) : 
(Bu®,B),O + PCl,—» 2Bu."BCI+ POCI,. ...... . 8) 


Both the halides formed 2 : 1 complexes with pyridine (9); by the slow addition of an 
ethereal solution of water they gave either the acid [scheme (10)], or the anhydride 
[scheme (11)] depending on the proportions used. 


2C,H,N + Bu®,BX —— (C,H,N),,Bu,BX. . . . . . . . (9) 
Bu",BX + H,O —-» Bu,BOH+HX. . ... . . . (10) 
2Bu",BX + H,O ——p (Bu,B),O+ HX... ..... (IN 


When a mixture of acetic acid (in excess) and di-n-butylboronous anhydride was 
heated, reaction (12) ensued. The novel acetoxy-n-butylboronous anhydride was 
characterised by hydrolysis with cold water to n-butylboronic acid (13). 


(Bu,B),O + 2AcCOH ——® (Bu®B-OAc),O + 2C,H,,. . . . . - (12) 
(Bu"B-OAc),O + 3H,O ——» Bu"B(OH), + 2ACOH  . . . . . . (13) 


Di-n-butylboronous anhydride did not react with pyridine, diethylamine, ammonia, 
thionyl chloride, or hydrogen chloride under the conditions reported, although heat of 
mixing with diethylamine was noted. 

Discussion.—Contrary to the observations of earlier workers,’ it appears that both the 
boronites and di-n-butylboronous anhydride [schemes (4) and (5)] can be readily hydrolysed 
by water or aqueous sodium hydroxide. 

(+-)-Octan-2-0l afforded (+)-l-methylheptyl di-n-butylboronite, having nearly 
identical optical rotation, whether obtained from di-n-butylboron chloride (3) or di-n- 
butylboronous anhydride (2). As reaction (3) must have taken place without alkyl- 
oxygen fission, it follows that the esterification (2) could also not have involved alkyl- 
oxygen fission (I), but proceeded as shown in (II). The hydrolysis (4) of (+)-l-methyl- 
heptyl di-n-butylboronite gave (+-)-octan-2-ol having the same rotation as that of the 


? Abel, Gerrard, and Lappert, J., 1957, 112. 
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alcohol used for the esterification, hence this reaction also must have involved boron— 
oxygen fission (III). 


~ 


1 / a OR ? ‘i é 
po? \ + 7 R Pot gk + = H eo +H - 
(I) (II) (III) 


The atomic refractivity for boron, in the esters, calculated by using Vogel’s atomic 
refractivities,* was 1-95 + 0-15 (see Table 1) compared with 4-39 in the diphenyl esters,’ 
which probably show exaltation. 

Of the two methods described for the preparation of di-n-butylboron chloride, the 
second (8) is superior as the distillation of the chloride is not accompanied by slow 
decomposition of any intermediates as in (6) and (7). For the bromide, however, the use 
of phosphorus pentabromide is excluded owing to its dissociation on heating, as well as 
the difficulty that would be involved in separating di-n-butylboron bromide and phos- 
phorus oxybromide. 

The formation (12) of acetoxy-n-butylboronous anhydride is exceptional in that 
carbon-boron fission takes place in preference to boron-oxygen fission. Owing to the 
technical simplicity of this reaction and the subsequent ease of hydrolysis (13), this is 
probably the best available method for the conversion of the boronous into the boronic 
system. Reaction (12) probably proceeds by the usual type of mechanism involving 
substitution at a boron atom,® as shown in (14), although the timing of the covalency 
changes cannot as yet be decided. 


R 
> RY 
RZ —_ an, _ mess. s 5 
nor Sco 

c=0 Me~ 
Me* 


The failure of di-n-butylboronous anhydride to form complexes is attributed to back 
co-ordination from the oxygen atom and the strong +I effect of the butyl groups, rather 
than steric hindrance. The failure of diethylamine to cause boron-oxygen fission is in 
accordance with previous work !° and it is noteworthy that, by contrast with the acetic 
acid system, boron-carbon fission does not take place. 


EXPERIMENTAL 


General Techniques and Preparations.—Di-n-butylboronous compounds are very unstable 
to oxygen, and experiments were carried out in a vacuum or under dry nitrogen. Refractive 
indices were measured on an Abbé-type refractometer. Molecular weights were determined 
cryoscopically in cyclohexane. M. p.s were taken in sealed capillary tubes. The ether—boron 
trifluoride complex was prepared by saturating ether with boron trifluoride at 0°. Boron was 
determined by using hydrogen peroxide (10 c.c.; 100-vol.; 15 minutes’ standing) to oxidise 
the compounds to their boric acid derivatives.14_ Chlorine and bromine were estimated acidi- 
metrically as hydrogen halide formed on hydrolysis, or by the Volhard method. Amines were 
estimated by steam-distillation with alkali and titration of the distillate to bromophenol-blue. 
In the case of acetoxy-n-butylboronous anhydride, the acetate radical was determined by 
Gerrard and Wheelan’s method !” and boron was estimated by conversion into sodium borate. 
The phenyl group was estimated by hydrolysis to phenol and iodometric estimation by con- 
version into the tribromo-derivative. As is often found * in these types of compounds carbon 
analyses were generally low; control experiments carried out on the microcombustion apparatus 


® Vogel, J., 1946, 133; 1948, 616, 644, 654. 

* Lappert, Chem. Rev., 1956, 56, 959. 

10 Gerrard, Lappert, and Pearce, J., 1957, 381. 

1 Snyder, Kuck, and Johnson, J. Amer. Chem. Soc., 1938, 60, 105. 
12 Gerrard and Wheelans, J., 1956, 4296. 
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were found to be 1% below standard for carbon, after analysis (C and H), probably owing to 
formation of boron carbide. Rotatory powers are recorded for / = 10 cm. 

Preparation (1) of Di-n-butylboronous Anhydride. —n-Butylmagnesium bromide (2 moles) 
in ether (1600 c.c.) was added during 6 hr. with stirring to boron trifluoride (1 mole) in ether 
(400 c.c.) at —70°. The mixture was allowed to warm (18 hr.) to 20°, then hydrolysed with 
3n-hydrochloric acid (1 1.) to give two layers. After extraction with ether and drying (MgSO,) 
all volatile matter was removed at 25°/9 mm. Distillation of the residue yielded a forerun 
(17 g.), b. p. 40—55°/0-5 mm., and di-”-butylboronous anhydride (76 g., 56%), b. p. 137°/9 mm., 
n? 1-4269, d? 0-7906 (Found: C, 70-9; H, 13-4; B, 8-1%; M, 272. Calc. for C,,H,,OB,: 
C, 72-3; H, 13-6; B, 8:1%; M, 266). 

Estevification (2) of Di-n-butylboronous Anhydride.—This was carried out on approx. 0-05 
molar scale and the method used was similar to that of Abel, Gerrard, and Lappert.? Excess 
of the alcohol was added to the anhydride and the water formed was distilled as a water—alcohol 
azeotrope. The results are shown in Table 1. This method was not successful with ¢ert.-buty] 
alcohol, even when benzene was added in an attempt to remove the water as a ternary azeotrope. 
The anhydride was recovered in 95% yield. 

Preparation of 1-Methylheptyl Di-n-butylboronite by Reaction (3).—(-+-)-Octan-2-ol (2-10 g., 
1 mol.; a -+-6-96°) in #-pentane was added dropwise with shaking to di-»-butylboron chloride 
(2-59 g., 1 mol.) in m-pentane at 20°. Considerable heat of reaction was observed and hydrogen 
chloride evolved. Volatile matter was removed at 20°/10 mm., to leave (+-)-1-methylheptyl 
di-n-butylboronite (3-20 g., 78%), b. p. 114°/0-4 mm., n?° 1-4278, «2 +-11-04° (Found: B, 4-:3%). 

Hydrolysis (4) of (+-)-1-Methylheptyl Di-n-butylboroniie.—3Nn-Sodium hydroxide (35 c.c.) 
was added to the ester (3-11 g.; a? +11-32°). The mixture was vigorously shaken, then set 
aside for 24 hr. and extracted with ether. After drying (MgSO,), the ethereal solution afforded 
(+)-octan-2-ol (1-62 g., 98%), b. p. 82°/18 mm., n? 1-4295, a3? +7-06°. 

Hydrolysis (4) of n-Butyl Di-n-butylboronite——A mixture of the ester (11-45 g.) and water 
(6-0 g.) was fractionated, to afford,the butanol-water azeotrope, b. p. 91°, as a forerun and 
then di-z-butylboronous anhydride (5-10 g., 66%), b. p. 94 —124°/ 0-5—-1 mm. (redistilled, b. p. 
118—124°/14 mm.), d® 0-812 (Found: B, 8-1%). 

Hydrolysis (5) of Di-n-butylboronous Anhydride.—Water (0-23 g., 1 mol.) in ether (17 c.c.) 
was added to the anhydride (3-33 g., 1 mol.) in m-pentane (10 c.c.) at 25°. No heat of addition 
was noted and after vigorous shaking (15 min.) volatile matter was removed at 25°/18 mm., to 
leave a gelatinous viscous residue of di-n-butylboronous acid (3-42 g., theor. 3-55 g.), which 


TABLE I. 
Yield (Rzlp 
R in Bu®,B-OR (%) B. p./mm. a nv Found Calc.t 
| sell AORN EER ORES 88 114°/20 0-8060 1-4210 62-2 62-3 
Ce eee 85 94°/8 0-8004 1-4178 62-3 62-3 
eT eR 78 96°/9 0-7998 1-4170 62-2 62:3 
1-Methylheptyl?......... 76 116°/0-4 0-8099 1-4279 80-7 80-8 
, eee eee 78 105°/14 0-8158 1-4279 57-4 57-3 
: ‘pemhomenenmnnwnsins 70 116°/0-1 0-9253 1-4892 67-9 67-9 
Found (%) Required (%) 
R in Bu®,B-OR C H B Formula Cc H B 
ST. dcinnmpedioceseins 71-6 13-5 5-3 
SM. ccntudesetbaneenttitie 71-8 13-3 5-5 \ C,;H,,OB 72-8 13-7 5-5 
TP | i ctecdidddstwrednesive 718 13-5 5-4 
1-Methylhepty] ......... 75-5 13-8 4-2 C,.H;,0B 75-7 13-8 4-3 
Fp Ra. Sy SI 70-5 12-3 5-9 C,,H,0B 72-6 12-7 6-0 
ih - eduuapunpemneamchecenteh (Ph, 35-5) 4-9 C,,H,,0B (Ph, 35-4) 5-0 


* Known compound. ?¢ aj? +11-32, from ROH, a? +7-28°. + Using a value of 1-95 for boron. 


melted with decomposition in the range 55—65° (Found: B, 7-6. C,H, ,OB requires B, 7-6%). 
Di-n-butylboronous acid (3-09 g,) was kept at 20°/0-2 mm. for 6 hr., whereafter a liquid residue 
of di-n-butylboronous anhydride (2-90 g., 100%), b. p. 98°/1-5 mm., #7? 1-4260 (Found: B, 7-9%), 
was obtained. A condensate of water (0-19 g., 100%), 7? 1-3370, m. p. 0°, was trapped at — 80°. 

Interaction (6) of Boron Halides with Di-n-butylbovonous Amhydride.—(a) Boron trichloride. 
The anhydride (5-80 g., 1 mol.) was added dropwise with shaking to boron trichloride (2-85 g., 
1 mol.) at —70°. Volatile matter was removed at 20°/20 mm. Distillation of the residue 
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yielded a forerun (1-00 g.), di-n-butylboron chloride (4-9 g., 83%), b. p. 722—73°/18 mm., n? 
1-4243 (Found: Cl, 21-9; B, 6-7. Calc. for C,H,,CIB: Cl, 22-1; B, 6-7%), and a distillation 
residue (0-92 g.) of crude boric oxide (Found: B, 26-9. Calc. for O,B,: B, 31-1%). 

(b) Boron tribromide. The anhydride (4-58 g., 1 mol.) was added dropwise with shaking to 
the tribromide (4-46 g., 1 mol.) at 0°. Distillation of the resultant mixture yielded di-n-butyl- 
boron bromide (5-00 g., 72%), b. p. 53—55°/0-5 mm., n? 1-4450 (Found: Br, 39-0; B, 5-4. 
Calc. for C,H,,BrB: Br, 39-1; B, 5-3%), and a solid residue (0-11 g.) of crude boric oxide 
(Found: B, 24-9%). Boron tribromide (1-24 g., 86%) (Found: Br, 93-1; B, 4-2. Calc. for 
Br,B: Br, 95-7; B, 4-3%) was trapped as a distillation condensate at — 80°. 

Interaction (8) of Phosphorus Pentachloride and Di-n-butylboronous Anhydride—The 
anhydride (6-21 g., 1 mol.) was added to the pentachloride (4-90 g., 1 mol.) and heated under 
reflux at 130° until it became homogeneous. Fractionation then yielded phosphorus oxy- 
chloride (2-92 g., 76%), b. p. 106°/760 mm., 2 1-4615 (Found: Cl, 77-6. Calc. for OCI,P: 
Cl, 79-1%), and di-n-butylboron chloride (6-49 g., 87%), b. p. 68°/19 mm., ? 1-4240 (Found: 
Cl, 22-1; B, 66%). There was a distillation residue (0-74 g.). 

Pyridine Complexes (9) of Di-n-butylboron Halides.—(a) Chloride. Pyridine (1-49 g., 2 mols.) in 
n-pentane (10 c.c.) was added slowly with shaking to di-n-butylboron chloride (1-51 g., 1 mol.) 
in n-pentane (10 c.c.) at 20°. Considerable heat was evolved, and a white precipitate formed 
instantly. Volatile matter was removed at 20°/18 mm. and the residue washed with dry 
n-pentane to leave the white, crystalline, water-soluble 2: 1 pyridine complex (2-92 g., 97%), 
m. p. 63—66° (Found: Cl, 11-1: B, 3-2; C;H,;N, 49-5. C,,H,,N,CIB requires Cl, 11-2; B, 3-4; 
C;H,;N, 49-7%). Di-n-butylboron chloride did not form a 1:1 pyridine complex whatever 
the temperature or the order of addition. 

(b) Bromide. As in (a), but with addition at 0°, pyridine (1-32 g., 2 mols.) and di-n-butyl- 
boron bromide (1-70 g., 1 mol.) afforded the white, solid, water-soluble 2:1 pyridine complex 
(2:90 g., 96%), m. p. 125—132° (Found: Br, 22-3; B, 2:9; C,H,N, 43-4. C,,H,gN,BrN 
requires Br, 22-1; B, 3-0; C;H;N, 43-6%). Di-n-butylboron bromide did not form a 1:1 
pyridine complex. 

Hydrolysis (10 and 11) of Di-n-butylboron Halides.—This was carried out on an approxi- 
mately 0-03 molar scale. An ethereal solution (5%) of the exact quantity of water was slowly 
added with shaking to the halide in dry m-pentane (10 c.c.) at 20°. Considerable heat of reaction 
and evolution of hydrogen halide were observed. Volatile matter was removed at 20°/10 mm. 
to leave the hydrolysis product as a residue; the results are shown in Table 2. 


TABLE 2. 

Hydrolysis Yield M. p.* ; Found (%) Calc. (%) 
Reactant product (%) B. p./mm. (decomp.) nw B B 
Bu®,BCl Bu®,B-OH 99 ao 55—63° _— 7:8 76 
Bu®,BCl (Bu®,B),O 94 93°/0-8 _- 1-4264 7-9 8-1 
Bu®,BBr Bu®,B-OH 90 — 59—62° —- 75 7-6 
Bu®,BBr (Bu*,B),0 93 130°/8 -- 1-4265 7-9 8-1 

* Since the acid is a viscous gel rather than a solid this is not a true m. p. 


Interaction (12) of Acetic Acid with Di-n-butylboronous Anhydride.—Acetic acid (6-0 g., 
2 mols., +3-9 g., excess) was added to di-z-butylboronous anhydride (4-54 g., 1 mol.) and the 
mixture heated under reflux (6 hr.) at 130—150°. A condensate of butane (1-68 g., 85%), 
characterised by means of gas-liquid chromatography by comparison with an authentic sample, 
b. p. —1°, was trapped at —80°. Excess of acetic acid (3-89 g., 100%) (Found: Equiv., 59-4. 
Calc. for C,H,O,: equiv., 60-0) (also identified by gas-liquid chromatography) was the sole 
material removed at 20°/0-05 mm. and was collected at —80°. A solid, yellowish-white residue 
of acetoxy-n-butylboronous anhydride (4-53 g., 99%), m. p. 33—36°, was left (Found: B, 7-9; 
OAc, 41:5%; M, 234. C,,H,,0,;B, requires B, 8-0; OAc, 43-8%; M, 270). Its total acidity 
was 69-9 (Calc.: 67-4). 

Hydrolysis (13) of Acetoxy-n-butylboronous Anhydride.—Water (1-10 g., 3 mols.) in dry 
ether (25 c.c.) was slowly added with shaking to the anhydride (5-46 g., 1 mol.) in dry ether 
(10 c.c.) at 20°. Solvent was removed at 20°/75 mm. and acetic acid (2-39 g., 99-2%) (Found: 
equiv., 59-6) was removed at 20°/0-05 mm. and collected at —80°. The residue was washed 
with m-pentane, to leave n-butylboronic acid (4-12 g., 99-3%), m. p. 93—94°, mixed m. p. 94° 
(Found: B, 10-7. Calc. for C,H,,0,B: B, 10-6%). 
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Lack of Reaction between Di-n-butylboronous Anhydride (1 mol.) and Certain Reagents.— 
(i) Bases. The anhydride was recovered in high yield from: (a) a mixture with diethyl- 
amine (2 mols. at 20° with heat of mixing; and 4 mols. after 4 hr. at 140—150°); and (6) after 
passage of ammonia gas (2 hr. at 0° in m-pentane solution). With pyridine (1 mol.) lack of 
interaction was indicated by molecular-weight determination (Found: M, 182. Calc. for 1:1 
mixture: M, 172), although complete separation of the components by distillation was not 
achieved. 

(ii) Thionyl chloride (4 mols.) did not react (15 min. at 60°) with the anhydride, which was 
recovered (93%). 

(iii) Hydrogen chloride after being bubbled (30 min. at 20°, 100°, and 150°, severally), in 
absence or presence of anhydrous ferric chloride (1%), through the anhydride effected no 
reaction; the pure anhydride (80—95%) was recovered on distillation. 


The authors thank Mr. D. T. Woodbridge of the British Rubber Producers’ Research 
Association for carbon and hydrogen analyses. 
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762. The Properties of the Anhydride and Esters of Diphenyl- 
boronous Acid. 
By E. W. ABEL, W. GERRARD, and M. F. LaApPert. 


Diphenylboronites, Ph,B-OR, are readily hydrolysed, generally by B-O 
fission, but C—O fission (R = PhMeCH) in formic acid has been noted. Only 
esters having highly electron-releasing alkyl groups are dealkylated by 
hydrogen chloride, although hydrogen bromide and the (+-)-1-methylheptyl 
ester did react (Sy2) provided that the concentration of hydrogen bromide 
was high. m-Butyl diphenylboronite gave diphenylboron chloride with 
boron trichloride, »-butyl dichloroboronite, or di-n-butyl chloroboronate. 
Diphenylboron bromide was obtained from an ester and either boron 
tribromide or phosphorus pentabromide. Diphenylboronous anhydride, 
(Ph,B),O, yielded diphenylboronous acid on hydrolysis, and with boron 
trihalides (Cl, Br) or phosphorus pentahalides (Cl, Br) afforded the appropriate 
diphenylboron halide. Diphenylboronous acid Ph,B-OH, its anhydride, and 
several of its esters were examined by infrared spectroscopy. The results are 
discussed. 


THE present paper reports continued investigation of diphenylboronous acid, Ph,B-OH, 
and its derivatives, Ph,B-Y (where Y is a univalent atom or group). We have earlier 
described the preparation and characteristics of diphenylboron chloride,’ Ph,B-Cl, and 
diphenylboronous esters,2 Ph,B-OR. We now report reactions of diphenylboronous 
anhydride, (Ph,B),O [hydrolysis, reaction with boron tribromide and phosphorus penta- 
halides (Cl, Br)], and of diphenylboronous esters [hydrolysis and reactions with hydrogen, 
boron, and phosphorus halides (Cl, Br)]. Diphenylboronous anhydride is well known 
but, apart from its use in analysis,’ only its reactions with alcohols and phenols (to give 
esters and water) 2 and with boron trichloride (to give diphenylboron chloride) + have 
been previously established. Reactions of diphenylboronous esters hitherto studied have 
been with phosphorus pentachloride to give diphenylboron chloride [analogous to reaction 
(8) “] and with alcohols and phenol (to give esters); 2 in addition some observations on the 
manner of their hydrolysis have been made.’ In order to obtain information about the 


1 Abel, Dandegaonker, Gerrard, and Lappert, J., 1956, 4697. 

2 Abel, Gerrard, and Lappert, J., 1957, 112. 

3 Lappert, Chem. Rev., 1956, 56, 959. 

4 Mikhailov and Fedotov, Izvest. Akad. Nauk S.S.S.R., Oidel. Khim. Nauk, 1956, 375. 
5 Mikhailov and Vaver, ibid., 1956, 508. 
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steric course of reactions at the 1-carbon atom of the alkyl chain, certain of the reactions of 
diphenylboronous esters have now been carried out with optically active compounds. The 
(+)-l-methylheptyl ester ® was chosen as typical of those generally responsive to Sy2 
replacement, and the (+)-l-phenylethyl ester as representative of those having a high 
degree of electron-release at the l-carbon atom and hence responsive to Sy1 replacement. 

(+)-1-Phenylethyl diphenylboronite was obtained from (—)-l-phenylethanol by 
reaction (1) (see ref. 2 for discussion of similar reactions) : 


(Ph,B),O + 2ROH —» 2Ph,BOR+H,O ...... . (1) 


Diphenylboronous esters were hydrolysed readily by cold water, sodium hydroxide, 
or aqueous formic acid: 
Ph,B-OR + H,O ——» Ph,B-OH + ROH si sete. acsalibeien ae 


When three of the butyl (w-, sec.-, and ¢ert.-) diphenylboronites were severally treated 
with hydrogen chloride, only the ¢ert.-butyl ester reacted [reaction (3)]; (-++-)-l-phenyl- 
ethyl diphenylboronite gave much racemised 1-chloro-l-phenylethane. Hydrogen bromide 
was without effect on (—)-l-methylheptyl diphenylboronite when continuously passed 
through the ester for 4 hr.; however, when the reactants were mixed in the liquid state 
(—80°), subsequent reaction (3) at 20° under pressure did occur, although benzene and 
phenylboronic anhydride were isolated instead of diphenylboronous acid [attributed to 
reaction (4)). 

Ph,B-OR + HX ——® RX+Ph,BOH . ..... . . (3) 
Ph,BOOH ——e PhH+PhBO ...... =. =. (4) 


Boron trichloride reacted with n-butyl diphenylboronite according to reaction (5). In 
order to compare B-Cl reactivity in diphenylboron chloride and in boron trichloride and 
its mono- and di-alkoxy-derivatives, reactions (6) and (7) were also carried out. The 
product of reaction (7) was an equilibrium mixture, for only about a 50% yield of diphenyl- 
boron chloride was isolated as its water-insoluble pyridine complex. 


Ph,B-OR + BCl, —» Ph,BCI+ RO-BC. . . . . . . (5) 
Ph,B-OR + RO-BCl, —» Ph,B-CI+ (RO),BCI . . . . . . (6) 
Ph,B-OR + (RO),B-Cl —» Ph,B-Cl+ (RO),B . . . . . . . (7) 


A reaction analogous to (5) to obtain diphenylboron bromide was demonstrated with 
n-octyl diphenylboronite and boron tribromide; to facilitate separation of products, 
a trace of ferric chloride was added to ensure that the x-octyl dibromoboronite 
was decomposed (3RO-BBr,—» 3RBr + BBr; + B,03, by analogy with dichloro- 
boronites °). 

Phosphorus pentabromide also reacted with diphenylboronites to give diphenylboron 
bromide [reaction (8)]; the low yield (20%) is attributable to the necessarily high temper- 
ature, dissociation of the pentabromide being appreciable (PBr; —» PBr, + Br,). 


Ph,B-OR + PBr, ——» Ph,B’Br+RBr+POBr, ..... . (8) 


Diphenylboronous anhydride afforded the acid on hydrolysis [reaction (9)]. With the 
boron trihalides (trichloride *) [reaction (10)] or analogously phosphorus pentahalides, the 
diphenylboron halides (Cl, Br) were obtained. With the boron halides this appeared to be 
a rapid reaction at low temperatures, whereas with phosphorus halides even at high temper- 
atures the yield was again low. 


(Ph,B),0 + H.O——» 2Ph,BOH .......... (9) 
(Ph,B),O + BX, ——» 2Ph,BX+BOX ..... . . (10) 





® Gerrard and Lappert, J., 1955, 3084. 
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Discussion.—Esterification of diphenylboronous anhydride with (—)-1-phenylethanol 
afforded the ester with complete retention of configuration, so reaction (1), with an alcohol 
having a highly electron-releasing alkyl group, involves B—-O and not C—O fission. 

Hydrolysis (2) of diphenylboronites also generally involves B-O fission: for there was 
complete retention of configuration on alkaline hydrolysis of the optically active esters of 
1-methylheptanol, 1-phenylethanol, and meopentanol. With (+-)-l-phenylethyl dipheny]l- 
boronite there was some slight loss of activity when the reaction was carried out in aqueous 
formic acid, conditions which are conducive to pre-ionisation. 

Reaction (2) is an equilibrium (the reverse reaction has been demonstrated *), for we 
obtained identical infrared spectra from equimolar mixtures of ester and water, and acid 
andalcohol. The spectra also show that the equilibrium is virtually completely in favour of 
acid and alcohol; thus all of the alcohol bands can be identified in the spectrum of an 
equimolar mixture between ester and water. Further, no bands attributable to water 
occur in the 3. and the6u region. Bands due to diphenylboronous acid can also be readily 
identified in the mixture, and in particular the diphenylboronous acid band at 880 cm. 
occurs clearly in a region where both alcohol and ester are transparent. Our conclusions 
differ from those of Mikhailov and Vaver,5 who considered that alkyl diphenylboronites 
are not hydrolysed in water, and in alkali only on warming, a result which they interpreted 
as evidence for the formation of a stable complex between esters and water, 
[Ph,B-OH(OR)|-H*. Infrared spectra of.a water—ester mixture are not consistent with 
the formation of such a complex and acid and alcohol may be separated merely by applic- 
ation of a vacuum, the most volatile component, the alcohol-water azeotrope, being 
removed. 

The reactions of diphenylboronites with the hydrogen halides indicate both Syl and 
Syx2 mechanism, depending on the nature of the alkyl group: 


aPhBOH+XR 2. 2. ee e+ 532) 
(11) 


H + 
Ph,B-OR + HX ——> [ pti! x- yes 
\ ph,B-OH + Rt + X-——w RX. 2... Sul) 


The evidence for the Sy2 mechanism for those esters having alkyl groups responsive to 
“in-line ’’ replacements rests on: (1) the effect of increasing hydrogen bromide con- 
centration in the l-methylheptyl case; (2) the greater reactivity of hydrogen bromide than 
of hydrogen chloride; and (3) the observed high degree of Walden inversion in the (+-)-1- 
methylheptyl-hydrogen bromide reaction. The evidence of the Syl mechanism rests on: 
(1) the high degree of reactivity with hydrogen chloride only with those esters having 
powerfully electron-releasing alkyl groups; and (2) the preponderant racemisation 
observed in the (+-)-1-phenylethyl-hydrogen chloride system. 

Reactions (5)—(7) indicate that the ease of B-Cl fission in diphenylboron chloride is of 
the same order as in chloroboronates, but lower than in dichloroboronites and boron 
trichloride. 

To the good methods hitherto available for the preparation of diphenylboron chloride 
(i.e., ester-PCl,,4 anhydride-BCl,') are now added reactions (5) and (10). All these are 
sound provided the starting materials are available; the boron trichloride reactions require 
far less vigorous reaction conditions than those with phosphorus pentachloride. Analogous 
methods (5, 8, 9, and 10) are now available for the preparation of diphenylboron bromide. 
This compound has only been reported once before,’ being prepared in poor yield 
from boron tribromide and diphenylmercury. 

The infrared spectra of diphenylboronous acid and anhydride and the alkyl diphenyl- 
boronites have been observed in the range 650—5000 cm... In all diphenylboron com- 
pounds we have observed a splitting of the out-of-plane C-H vibration at levels of the 
phenyl group by about 20 cm.!. This suggests a coupling of the modes, and may be 


7? Michaelis and Richter, Annalen, 1901, 315, 26. 
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through the boron atom, or it may be caused by the close approach of the hydrogen atoms 
ortho to the boron. 

The B-O stretching modes occur in diphenylboronous acid and its esters in the region 
1325 + 2 cm.; this is similar to the value obtained in phenylboronic compounds by 
Dandegaonker, Gerrard, and Lappert.* In the case of diphenylboronous anhydride, 
however, two bands attributable to B-O stretching modes occur, at 1262 cm. and 
1378 cm.-!. These are undoubtedly the expected in-phase and out-of-phase modes of 
the B-O-B grouping. 


EXPERIMENTAL 

Preparations and Techniques.—Hydrogen chloride was prepared by the action of con- 
centrated sulphuric acid on dry ammonium chloride, and hydrogen bromide was prepared by 
Gerrard’s method ® and condensed at -—80°. Both gases were dried by passage through 
phosphoric oxide. Diphenylboronous anhydride and its esters were prepared and analysed 
as described previously.2, Amines were estimated by steam-distillation in the presence of 
sodium hydroxide, and subsequent titration against sulphuric acid. Infrared spectra were 
observed on a Grubb-Parsons double-beam spectrometer. -Butyl dichloroboronite and di-n- 
butyl chloroboronate were prepared by known methods.* 1° Rotatory powers are recorded for 
1 = 10cm. 

1-Phenylethyl Diphenylboronite. Reaction (1).—The ester (93%), b. p. 140°/0-1 mm., d? 
1-0489, nP 1-5805, «3 + 2-81° (Found: C, 83-4; H, 6-7; B, 3-84. C, 9H,,OB requires C, 83-9; 
H, 6-6; B, 3-78%), was prepared from diphenylboronous anhydride and excess of 1-phenyl- 
ethanol («?? —11-78°) by azeotropic distillation.” 

Alkaline Hydrolysis of Alkyl Diphenylboronites. Reaction (2).—The ester was shaken for 
2 hr. with aqueous potassium hydroxide (20%). After extraction with »-pentane and drying 
(MgSO,, 3 days), careful fractionation yielded #-pentane, and the alcohol (Table 1). 


TABLE 1. 
ROH re- 
R in Ph,B-OR covered (%) B. p./mm. ny a 
WOUNDS  cocnescaprncecinsnetespsoneanenamneciavaseninesseeons 77 110°/760 ~=(M. p. 48°) -— 
l-Methylheptyl, a2° —4-20° (from ROH, a2? +7-28°) 93 78°/10 1-4263 +} 7-26° 
1-Phenylethyl, «2 +2-81° (from ROH, a2 —11-78°) 81 100°/20 15271 —11-56 


Acid Hydrolysis of Alkyl Diphenylboronites. Reaction (2).—The ester was shaken for 48 hr. 
with 40% formic acid, then the mixture rendered alkaline and steam-distilled. The distillate 
was extracted with ether, and the extract dried (MgSO,, 3 days). Fractionation yielded 
ether and the recovered alcohol (Table 2). 


TABLE 2. 
ROH re- d 
R in Ph,B-OR covered (%) B. p./mm. nv an 
1-Methylheptyl, a7? —3-91° (from ROH, aj? +6-20°) 83 78°/10 1°4266 -+- 6-16° 
1-Phenylethyi, a2” +-1-73° (from ROH, a2? —7-72°)... 58 65°/0-2 15251 —6-66* 


* Found: C, 78-2; H, 8-4. Calc. for CgH,,O: C, 78-7; H, 82%. 


Neutral Hydrolysis of sec.-Butyl Diphenylboronite. Reaction (2).—The ester (11-47 g.) was 
shaken for 5 hr. with water (50 c.c.), volatile matter being continuously removed at 20 mm. and 
trapped at —80°. The trapped azeotrope was extracted with ether, and the extract dried 
(MgSO,, 30 hr.). Fractionation yielded ether and sec.-butanol (2-37 g., 65%), b. p. 97—100°, 
n? 1-3957. Ether-extraction of the residue and removal of ether at 10 mm. produced diphenyl- 


® Dandegaonker, Gerrard, and Lappert, J., 1957, 2872. 
® Gerrard, Research, 1954, 7, s20. 
© Lappert, J., 1956, 1768. 
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boronous acid (7-01 g., 88%), n} 15973 (Found: B, 5-8. Calc. for C,,.H,,OB: B, 5-9%), asa 
brown oil. 

Interaction of Hydrogen Chloride and Alkyl Diphenylboronites. Reaction (3).—(a) n- and sec.- 
Butyl. There was no observed reaction after 10 hr. at 20°. After removal of dissolved gas at 
10 mm. no change in weight was observed, and distillation afforded the esters in nearly quantit- 
ative yield. 

(b) tert.-Butyl. ‘The gas was bubbled through the ester (1-88 g.) at 20°, the reaction vessel 
being connected to a trap at —80°. Within 5 min. a white precipitate had formed. Bubbling 
was continued for 15 min., then volatile natter (0-64 g.) was condensed at —80°/20 mm. To 
the condensate was added lead carbonate (0-5 g.) and then anhydrous magnesium sulphate 
(0-5 g.). From the trap ¢ert.-butyl chloride (0-58 g., 72%), n% 1-3847 (Found: Cl, 3871. Calc. 
for C,H,Cl: Cl, 38-4%), was recondensed at 10 mm. The residue in the reaction flask, after 
being rapidly washed by decantation with »-pentane (5 c.c.), was dried in a vacuum-desiccator, 
to give diphenylboronous anhydride (1-34 g., 98%), m. p. 112° (Found: B, 6-2. Calc. for 
C,,H,,OB,: B, 6-3%). 

(c) 1-Phenylethyl. The gas was bubbled into the ester (4-09 g.) (a? +2-81°; from ROH, 
aw —11-78°) in m-pentane (20 c.c.) at 0°. After 30 min. a turbidity developed, and later a 
thick white crystalline precipitate. Passage of gas was stopped after 3 hr., and after removal 
of unchanged hydrogen chloride at 30 mm. there was a weight increase of 0-61 g. (required for 
complete reaction, 0-52 g.). Distillation gave 1-chloro-l-phenylethane (1-83 g., 91%), b. p. 
74°/10 mm., mn? 1-5321, a? —1-56° (Found: Cl, 24-6. Calc. for C,H,Cl: Cl, 25-2%). The 
residue was diphenylboronous anhydride (2-37 g., 96%) (Found: B, 6-5%). Benzene (0-18 g.), 
n>, 1-4983, was condensed at — 80° during the distillation. 

Interaction of Hydrogen Bromide and 1-Methylheptyl Diphenylboronite. Reaction (3).— 
(a) Gaseous hydrogen bromide. The dry gas was bubled into the ester (4-73 g.) for 4 hr. at 20°; 
no observable change took place, but there was an increase in weight (0-35 g.) due to dissolved 
gas. This gas was removed at 20°/20 mm., leaving unchanged ester (4-68 g.), purified by 
distillation (4-36 g., 92%), b. p. 143°/0-01 mm., n?° 1-5183 (Found: B, 3-6. Calc. for C,g~H,,OB: 
B, 3-7%). Asolid residue (0-23 g.) remained. 

(b) Liquid hydrogen bromide. Reactions (3) and (4).—The ester (7-50 g., 1 mol.) (a2? —3-96°; 
from ROH, a} +6-90°) and liquid hydrogen bromide (2-09 g., 1-01 mol.) were sealed in a heavy- 
walled glass tube at — 80°, and then allowed to warm to room temperature. After 25 days the 
tube was cooled to — 80° and the contents were distilled. (—)-2-Bromo-octane (4-22 g., 86%), 
b. p. 719/15 mm., n? 1-4485, a3? —24-70° (Found: Br, 41-4. Calc. for C,H,,Br: Br, 41-4%), 
was obtained. The residue was phenylboronic anhydride (2-47 g., 93%) (Found: B, 10-5%). 
Trapped at —80° was benzene (1-81 g., 91%), b. p. 80°, m2? 1-498. After recrystallization from 
hot water and dehydration (120° for 10 hr.), the anhydride had m. p. 215°. 

Interaction of n-Butyl Diphenylboronite and Boron Trichloride. Reaction (5).—The diphenyl- 
boronite (4-54 g., 1 mol.) was added to boron trichloride (2-23 g., 1 mol.) at —80°. After the 
mixture had attained room temperature, the volatile n-butyl dichloroboronite (2-75 g., 93%), 
n® 1-4151 (Found: Cl, 45-4; B, 6-98. Calc. for C,H,OCI,B: Cl, 45-8; B, 7-02%), was removed 
at 0-3 mm. and trapped at —-80°. The residual liquid afforded diphenylboron chloride (3-04 g., 
80%), b. p. 105°/0-7 mm., n? 1-6091 (Found: Cl, 17-5; B, 5-37. Calc. for C,,H,9CIB: Cl, 17-7; 
B, 5-39%). 

Interaction of n-Butyl Diphenylboronite and n-Butyl Dichloroboronite. Reaction (6).—The 
diphenylboronite (4-31 g., 1 mol.) was added to -butyl dichloroboronite (2-80 g., 1 mol.) at — 80°. 
After the mixture had attained room temperature, it was distilled to afford: (a) di-n-butyl 
chloroboronate (2-96 g., 85%), b. p. 41°/0-1 mm., n?? 1-4148 (Found: Cl, 18-8; B, 5-7. Cale. for 
C,H,,0,CIB: Cl, 18-5; B, 5-6%); (b) n-butyl borate (0-33 g.), b. p. 78—81°/0-1 mm., n? 1-4129; 
and (c) diphenylboron chloride (3-28 g., 98%), b. p. 98°/0-1 mm., n? 1-6043 (Found: Cl, 17-4; 
B, 5-5%). m-Butyl dichloroboronite (0-26 g.), nf? 1-4158 (Found: Cl, 45-5; B, 7-1%), was 
trapped at — 80° during the distillation. 

Interaction of n-Butyl Diphenylboronite and Di-n-butyl Chloroboronate. Reactions (7) and 
(8).—The diphenylboronite (3-36 g., 1 mol.) in ether (10 c.c.) was added to di-n-butyl chloro- 
boronate (2-72 g., 1 mol.) in ether (10 c.c.). After 1 hr. pyridine (10 g.) in ether (20 c.c.) was 
added. A white precipitate was immediately formed. This was filtered off and washed with 
ether (10 c.c.). The precipitate (3-32 g.) was then washed with water (2 x 50 c.c.), and placed 
in a vacuum-desiccator over phosphoric oxide for 48 hr. The remaining precipitate (1-69 g., 
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corresponding to a 43% yield of diphenylboron chloride) was the 1: 1 pyridine—diphenylboron 
chloride complex (Found: C;H,;N, 27-3; Cl, 12-3. C,H, .CIB,C;H;N requires C;H,N, 28:2; 
Cl, 128%). 

Interaction of n-Octyl Diphenylboronite and Boron Tribromide. Analogous to Reaction (5).— 
The ester (8-25 g., 1 mol.) in #-pentane (20 c.c.) was added (19 min.) to boron tribromide (7-02 g., 
1 mol.) in »-pentane (20 c.c.) at —60°. Ferric chloride (0-01 g.) was added at 20°, whereafter 
the mixture was set aside for 24 hr. Solvent was then removed at 10 mm., and boron 
tribromide (2-15 g., 91%) was trapped in potassium hydroxide solution. Distillation then 
yielded 1-bromo-octane (5-31 g., 96%), b. p. 44°/0-01 mm., n? 1-4509 (Found: Br, 41-2. Calc. 
for C,H,,Br: Br, 41-56%), and diphenylboron bromide (5-33 g., 79%), b. p. 110°/0-01 mm., n? 
1-631 (Found: Br, 32-0; B, 4-4. C,,H,)BrB requires Br, 32-7; B, 4.5%). A residue (1-57 g.) 
contained boron, equivalent to boric oxide (0-71 g., 110%), presumably containing a little 
undistilled diphenylboron bromide. 

Interaction of Phosphorus Pentabromide and sec.-Butyl Diphenylboronite. Reaction (8).—The 
pentabromide (18-93 g., 1 mol.) and the ester (10-49 g., 1 mol.) were heated together for 3 hr. 
at 90°. Distillation yielded a fraction (12-46 g.), b. p. 20—114°/0-05 mm., and diphenylboron 
bromide (2-02 g., 19%), b. p. 115°/0-05 mm., nm? 1-6325 Found: Br, 32-3; B, 43%). A 
residue (6-80 g.) remained, and a condensate (7-31 g.) was collected at —80° during distillation. 

Hydrolysis of Diphenylboronous Anhydride. Reaction (9).—Water (0-77 g., 1 mol.) in ether 
(10 c.c.) was shaken with the anhydride (14-76 g., 1 mol.) for 1 hr., a clear yellow solution being 
formed. Removal of solvent at 20 mm. gave diphenylboronous acid (15-52 g., 100%), ? 
1-5930 (Found: B, 5-9°%%), as a viscous yellow oil. 

Interaction of Diphenylboronous Anhydride and Boron Tribromide. Reaction (10).—The 
anhydride (10-7 g., 1 mol.) in methylene dichloride (50 c.c.) was added during 10 min. to boron 
tribromide (7-74 g., 1 mol.) in methylene dichloride (20 c.c.) at —60°. Solvent was removed at 
20°/15 mm. The resulting mixture yielded diphenylboron bromide (10-9 g., 79%), b. p. 
132°/0-4 mm., d? 1-364, 2° 1-635 (Found: C, 57-7; H, 4-08; Br, 33-3; B, 4-42. C,,H,,BBr 
requires C, 58-0; H, 4-0; Br, 32-7; B, 4.46%). A residue (4-60 g.) contained both boron and 
easily ionized bromine. This was undistilled diphenylboron bromide and boric oxide. 

Interaction of Diphenylboronous Anhydride and Phosphorus Pentachloride. Reaction (13).— 
The pentachloride (4-53 g., 1 mol.) and the anhydride (7-53 g., 1 mol.) were heated together at 
140° for3hr. Thereafter, distillation produced a forerun (0-80 g.), b. p. 20—97°/0-05 mm., and 
diphenylboron chloride (6-54 g., 75%), b. p. 97°/0-05 mm., n? 1-6093 (Found: Cl, 18-0; B, 
5-5%). Phosphorus oxychloride (3-07 g., 92%), »?° 1-467 (Found: Cl, 69-2. Calc. for POC),: 
Cl, 69-5%), was condensed as white crystals at —80° during the distillation. A residue (0-97 g.) 
remained. 

Interaction of Diphenylboronous Anhydride and Phosphorus Pentabromide.—The penta- 
bromide (9-57 g., 1-1 mol.) and the anhydride (7-01 g., 1 mol.) were heated together at 90° for 
3hr. Distillation yielded a low-boiling fraction (6-74 g.), b. p. 26—116°/0-05 mm., and diphenyl- 
boron bromide (4-00 g., 40%), b. p. 116°/0-05 mm., ?? 1-6346 (Found: Br, 32-8; B, 4-4%). A 
residue (3-00 g.) remained. This was extracted with ether (30 c.c.) and the extract washed with 
water (2 x 20c.c.). Removal of solvent and then dehydration at 0-005 mm. yielded diphenyl- 
boronous anhydride (2-58 g.) (Found: B, 6-7%). A condensate (3-07 g.) was trapped at —80° 
during the distillation. The overall yield of diphenylboron bromide based on diphenylboronous 
anhydride used was 64%. This reaction was repeated in refluxing carbon tetrachloride, but 
diphenylboronous anhydride was recovered substantially unchanged. 


We are very grateful to Mr. H. Pyszora for carrying out the infrared measurements, to the 
National College of Rubber Technology (Northern Polytechnic) for providing facilities for 
these measurements, and to Dr. L. A. Duncanson for valuable and detailed comments on these. 
One of us (E. W. A.) thanks the Courtauld Scientific and Educational Trust Fund for a 
scholarship. 
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763. Synthesis of (+)-Cytisine. 


By T. R. Govinpacuar!, S. RaJADURAI, M. SUBRAMANIAN, 
and B. S. THYAGARAJAN. 


Condensation of ethyl 2-pyridylacetate with diethyl methoxymethyl- 
malonate yielded diethyl «-ethoxycarbonyl-a’-2-pyridylglutarate (II), but 
attempts to use the derived amide or triol for synthesis of cytisine were 
unsuccessful. Condensation of diethyl «-cyano-f-ethoxyacrylate with ethyl 
2-pyridylacetate did not yield the expected glutaconic acid derivative. 
Condensation of ethyl 5-cyano-2-methylnicotinate with diethyl ethoxy- 
methylenemalonate yielded 7-cyano-3 : 9-diethoxycarbonylquinolizin - 4- 
one, which on reduction of the cyano-group, decarboxylation, hydrolysis, 
and re-esterification yielded 7-aminomethyl-9-ethoxycarbonylquinolizin-4- 
one. Reduction with lithium aluminium hydride followed by selective 
reduction of one ring and cyclisation afforded (-+)-cytisine. 


THE structure (I) of cytisine } has been confirmed by synthesis of tetrahydrodeoxycytisine,” 
(+)-cytisine,? and (—)-cytisine.t We record here a synthesis of (+)-cytisine by an 
independent method. 

In the first approach, diethyl methoxymethylmalonate was condensed with ethyl 
2-pyridylacetate, yielding diethyl «-ethoxycarbonyl-«’-2-pyridylglutarate (II), which 
was converted by aqueous ammonia at room temperature into the triamide (III), but we 


NH CHR oe 
7 AY 
N SUN CH FN 
¥ KR R CO, Et 
(I) (II) :R = CO,Et Vv) 


(IIT): = CO-NH, 
(IV) :R=CH,-OH 


failed to obtain the imide-ester (V) which might have been converted into cytisine by a 
simple sequence of reactions. Diethyl methoxymethylmalonate could not be caused to 
react with 2-pyridylacetamide and condensation with 2-pyridylacetonitrile yielded only 
resin. The triester (II) was then reduced to the triol (IV) by lithium aluminium hydride. 
Without isolation of intermediates, the triol was treated successively with hydrogen 
bromide to convert it into the tribromide, quaternised, treated with ammonia, and oxidised 
with potassium ferricyanide, but the expected (-+-)-cytisine was not obtained. 


CO, Et CH-CO,Et 
ONC ZG cH 
(VI) R= CO,Et | | m1 “ 
N R SUN C- 
(VII): R = CN S bake (VIII) 


Boekelheide and Lodge® obtained 1 : 3-diethoxycarbonylquinolizin-t-one (VI) by 
treating ethyl 2-pyridylacetate with diethyl ethoxymethylenemalonate at 180°. It was 
hoped that by treating ethyl 2-pyridylacetate with ethyl «-cyano-8-ethoxyacrylate under 
mild conditions quinolizinone formation could be avoided and the glutaconic acid derivative 


1 Ing, J., 1931, 2915; 1932, 2778; Spath and Galinovsky, Ber., 1932, 65, 1526; Partheil, Arch. 
Pharm., 1892, 230, 448; Freund, Ber., 1904, 37, 22; Ewins, J., 1913, 108, 97. 

* Galinovsky, Vogl, and Moroz, Monatsh., 1952, 83, 246. 

* von Tamelen and Baran, J. Amer. Chem. Soc., 1955, 77, 4944. 

* Bohlmann, Englisch, Ottawa, Sander, and Weise, Chem. Ber., 1956, 89, 792. 

5 Boekelheide and Lodge, J. Amer. Chem. Soc., 1951, 78, 3681. 
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(VIII) prepared. However, condensation in alcoholic sodium ethoxide at room tem- 
perature yielded a neutral compound, C,;H,,0,Ne, which was evidently 3-cyano-l-ethoxy- 
carbonylquinolizin-4-one (VII) from the similarity of its ultraviolet spectrum (see Figure) 
to that of 1 : 3-diethoxycarbonylquinolizin-4-one ° and the presence of an infrared absorption 
band at 4-50 » (cyano-group). Condensation in absolute ether in the presence of sodium 
ethoxide yielded as the main product a basic compound, C,,H,,0,N2, whose infrared 
spectrum showed no absorption in the 4-5 » region, but absorption at 3-05 » (NH group). 
Its formulation as 1 : 3-diethoxycarbonyl-4-iminoquinolizine (IX) was confirmed by 
conversion into 1 : 3-diethoxycarbonylquinolizin-4-one by nitrous acid. The compound 
was converted at its melting point into 3-cyano-l-ethoxycarbonylquinolizin-4-one (VII), 
presumably by ring opening and recyclisation with elimination of ethanol. Since reduction 
may cleave amidines in two ways,® it was hoped that the iminoquinolizine (IX) could be 


| Be ints | 
43+ \y , Fe 
\ 4 / j \ Paty 4 \ one, 
We li / iS \ ‘2 | 
37+ Ye ete y se 
w ey ‘| : 
+ | Absorption spectra o (1) 3-cyano-1-ethoxycarbonyl- 
x) bg \ 1 quinolizin-4-one and (2) 1 : 3-diethoxycarbonyl-4- 
: \ /\ \/ | iminoquinolizine in ethanol. 
J/+ 4 
25. : 
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Wavelength (my) 


made to yield diethyl «-aminomethyl-«’-2-pyridylglutarate (X). Reduction of compound 
(LX) in presence of Adams catalyst yielded two compounds having the expected formula 
C,;H20,N,: one compound had ultraviolet absorption maxima at 276 and 327 my, and 


/ 


Coe CH-CO,£t CO,Et 
dis wi oY “on 7™ "He ON 
l 
SUN 7 SN UN CH: COzEt NC\ UN RQ UN R” 
CH,-NH, 
NH 
IX) (X) (XI) (XII):R=CN, R= R"=CO,Et 
XIII):R=CH,-NHy, R’= R“= 
_— wider 


(XIV): R=CH)-NH)2, R’= 
CO,Et, R“= H 

(XV): R=CH2*NH;, R/= 
CH,OH, R”=H 


infrared bands at 5-79 (unconjugated ester), 5-90 (conjugated ester), and 2-94, 3-05, and 
3-19 u (NH, and NH groups); the second had maxima at 232, 289, and 380 mu; neither 
could be the desired pyridine derivative (X), as judged by the ultraviolet absorption 
spectra. 

A different approach, starting with the middle ring of cytisine, was then made. Ethyl 
5-cyano-6-hydroxy-2-methylnicotinate 7 was converted into the 6-chloro-ester by phos- 
phorus pentachloride and reduced to ethyl 5-cyano-2-methylnicotinate (XI), the yield 


* Shriner and Newmann, Chem. Rev., 1944, 35, 351. 
? Errera, Ber., 1900, 33, 2969. 
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being less than 50% under the best conditions (palladised charcoal in benzene) (reduction 
of 2-halogenopyridines carrying negative substituents at the 3: 5-positions has been 
reported to proceed in poor yields §). An attempt to synthesise the cyano-ester (XI) 
directly by condensation of cyanomalonaldehyde with ethyl 8-aminocrotonate led to a 
poor yield of a compound, C,9H,,03;N2, which may be 5-ethoxycarbonyl-6-methylnicotin- 
amide. Condensation of ethyl 5-cyano-2-methylnicotinate (XI) with diethyl ethoxy- 
methylenemalonate in alcoholic potassium ethoxide yielded 7-cyano-3 : 9-diethoxycarbony]- 
quinolizin-4-one (XII). Attempts to remove the 3-ethoxycarbonyl group by selective 
hydrolysis and decarboxylation did not proceed in satisfactory yield. In alcohol in 
presence of Adams catalyst the quinolizinone (XII) absorbed two mols. of hydrogen, 
yielding a base which is presumably (XIII). Decarboxylative hydrolysis of this product 
followed by esterification yielded the ester (XIV) which was then reduced to the amino- 
alcohol (XV) by lithium aluminium hydride. Boekelheide and Lodge * found that reduction 
of 1-methoxycarbonylquinolizin-4-one in acid solution afforded only 6:7: 8: 9-tetra- 
hydro-1-methoxycarbonylquinolizin-4-one. In acid solution at atmospheric pressure 
the amino-alcohol (XV) absorbed two mols. of hydrogen: the product, on successive 
treatment with phosphorus pentabromide and potassium carbonate, gave a gum which on 
sublimation and crystallisation yielded (-+-)-cytisine, m. p. 147°, whose infrared (in CHC],) 
and ultraviolet absorption spectra were identical with those of (—)-cytisine. 


EXPERIMENTAL 

Diethyl «-Ethoxycarbonyl-«’-2-pyridylglutarate (II)—To powdered potassium (1-2 g.) in 
dry ether (50 ml.) was added, with ice-cooling and stirring, ethyl 2-pyridylacetate ® (5 g.). 
Next day ethyl methoxymethylmalonate (6-2 g.) in dry ether (20 ml.) was added with ice- 
cooling during 2 hr. and next morning the mixture was poured on crushed ice, and the ether 
layer was separated. The aqueous solution was extracted with more ether, and the combined 
extracts were shaken with n-hydrochloric acid until the acid remained colourless. The acid 
extracts were neutralised with solid sodium hydrogen carbonate, and the oil which separated 
was taken up in ether and dried (Na,SO,). Removal of solvent and fractionation gave ethyl 
2-pyridylacetate (0-5 g.), b. p. 70°/0-01 mm., and the diethyl glutarate (2 g.), b. p. 152°/0-01 mm. 
(slight decomp.) (Found: C, 61-1; H, 6-4. C,,H,,;0,N requires C, 60-6; H, 6-8%). 

The crude triester (1-8 g.), left with 30% aqueous ammonia (10 ml.) for 2 days, slowly 
dissolved with separation of a white powder. This crystallised from hot water, yielding the 
triamide (0-7 g.), m. p. 242° (decomp.) (Found: C, 53-0; H, 5-2; N, 22-4. C,,H,,O,N, requires 
C, 52-8; H, 5-6; N, 22-4%). 

2-Hydroxymethyl-4-2’-pyridylpentane-1 : 5-diol (IV).—To a solution of lithium aluminium 
hydride (2 g.) in ether (100 ml.) was added the glutarate (II) (6 g.) in ether (20 ml.) with stirring. 
The mixture was stirred for 1 hr. and left overnight. After decomposition in the usual way, 
the ether layer was decanted, dried (Na,SO,), and evaporated to an oil (0-2 g.). The inorganic 
hydroxides were dried im vacuo and extracted with hot methanol. The extracts were then 
saturated with carbon dioxide, filtered, and evaporated. The residue was extracted with 
ethanol-ether (2:1), and the extracts were evaporated, finally im vacuo. The residual triol 
(2 g.) could not be purified, but gave a crystalline tribenzoate, m. p. 93° (from methanol containing 
a few drops of water) (Found: C, 70-8; H, 5-4. C,,H,.O,N,H,O requires C, 71-0; H, 5-7%). 
The substance on prolonged drying at 85° became gummy. It was analysed after drying to 
constant weight (Found: C, 72-9; H, 5-7. C,,H,,O,N requires C, 73-4; H, 5-5%). 

3-Cyano-1-ethoxycarbonylquinolizin-4-one (VII).—Ethyl 2-pyridylacetate (10 g.) was added 
to a well-cooled solution of sodium (1-4 g.) in dry ethanol (40 ml.) with stirring. After 
$ hr. diethyl «-cyano-8-ethoxyacrylate ?° (10-5 g.) was added, stirring continued for } hr., and 
the mixture left overnight at 30°. The alcohol was then removed in vacuum below 40° and 
crushed ice was added. Pale yellow 3-cyano-1-ethoxycarbonylquinolizin-4-one which separated 


8 Bohlmann and Bohlmann, Chem. Ber., 1953, 86, 1417. 
® Woodward and Kornfeld, Org. Synth., 1949, 29, 44. 
10 Bollement, Bull. Soc. chim. France, 1901, 25, 20. 
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was washed with dilute hydrochloric acid and then with water, and crystallised from ethanol 
(yield, 6 g.; m. p. 197°) (Found: C, 64-5; H, 3-8; N, 11-3. C,;H,,O,;N, requires C, 64-5; 
H, 4:1; N, 11-6%). 

1 : 3-Diethoxycarbonyl-4-iminoquinolizine (IX).—To a stirred suspension of powdered 
sodium (0-7 g.) in dry ether (80 ml.) was added ethyl 2-pyridylacetate (10 g.), and the mixture 
stirred for 5hr. Next day diethyl «-cyano-$-ethoxyacrylate (10-2 g.) in dry ether (60 ml.) was 
added during 20 min. to the sodium salt with stirring and ice-cooling. After a total of 7 hours’ 
stirring, the solution was poured on crushed ice (200 g.), and the ether layer separated. The 
aqueous solution was filtered from the yellow solid and extracted with ether, and the solid was 
also washed with ether and crystallised from ethanol, giving 3-cyano-l-ethoxycarbonyl- 
quinolizin-4-one (1-5 g.), m. p. and mixed m. p. 197°. The combined ether extracts were 
shaken four times with 0-5n-hydrochloric acid, and the acid extracts were filtered and neutralised 
with a saturated solution of sodium hydrogen carbonate. The precipitate was filtered, 
repeatedly washed with water, and crystallised from methanol, yielding orange needles of 
1 : 3-diethoxycarbonyl-4-iminoquinolizine (3-5 g.), m. p. 128° (Found: C, 62-8; 62-7; H, 5-9, 5-8; 
N, 9-5. C,,H,,O,N, requires C, 62-5; H, 5-6; N, 9-7%), yielding a hydrochloride (from ethanol- 
ether), m. p. 178—179° (decomp.) (Found: C, 55-2; H, 4-9. C,;H,,O,N,,HCI requires C, 55-5; 
H, 5-2%). The iminoquinolizine (0-5 g.) was heated at 180—190° (2 hr.); the residue after 
successive washings with dilute acid and water and crystallisation from ethanol (Norite) yielded 
yellow needles (0-2 g.), m. p. 197°, identical with the quinolizone (VII) (Found: C, 64-3; H, 4-3%). 

Reduction of the Iminoquinolizine (IX).—The iminoquinolizine (1-8 g.) in ethanol (100 ml.) 
containing platinum oxide (0-15 g.), shaken with hydrogen at 45 Ib./sq. in., absorbed 3 mols. of 
hydrogen in } hr., and no more during another 2 hr. The solution was filtered, concentrated 
to about 15 ml., and cooled. A light brown substance A (0-3 g.) separated and on crystallisation 
from methanol or benzene had m. p. 143° (Found: C, 61-4, 61-0; H, 7-5, 7-4; N, 9-8, 9-3. 
C,;H,,0,N, requires C, 61-2; H, 7-5; N, 9-5%). The mother-liquor was evaporated, finally 
in vacuo. The residue was passed in benzene through alumina. The benzene washings were 
concentrated and light petroleum (b. p. 40—60°) was added, giving almost colourless crystals 
of substance B (0-65 g.), m. p. 153°, mixed m. p. with substance A, 110—130° (Found: C, 61-4, 
61-8; H, 7-3, 7-5; N, 9-1, 9-8%). Substances A and B dissolved in 4n-hydrochloric acid and 
were reprecipitated by sodium hydrogen carbonate. 

Ethyl 6-Chlovo-5-cyano-2-methylnicotinate—Ethyl 5-cyano-6-hydroxy-2-methylnicotinate ? 
(40 g.), phosphorus pentachloride (50 g.), and chlorobenzene (100 ml.) were refluxed at 135—145° 
until the evolution of hydrogen chloride ceased (2—3 hr.). The chlorobenzene and phosphorus 
oxychloride were removed im vacuo and the residual oil was poured on crushed ice. The 
precipitated chloro-ester was filtered off, washed with water, dried, filtered in benzene through 
Norite, and recovered. Crystallisation from light petroleum (b. p. 40—60°) gave pale yellow 
crystals (32 g.), m. p. 65—66° (Found: C, 53-3; H, 3-9; N, 12-6. C,,H,O,N.Cl requires 
C, 53-5; H, 4-0; N, 12-5%). 

Ethyl 5-Cyano-2-methylnicotinate (XI).—The chloro-compound ( 4 g.) in dry benzene (80 ml.) 
containing freshly prepared 5% palladium-—charcoal (8 g.) was shaken with hydrogen at a 
pressure of 20 Ib./sq.in. The reduction was stopped when 1 mol. of hydrogen had been absorbed 
and the solution was filtered from the catalyst, which was washed with boiling benzene. The 
combined benzene solutions were evaporated, leaving a viscous oil (3 g.) which was treated in 
ether (40 ml.) with dry hydrogen chloride until precipitation was complete. The precipitate 
was filtered off, washed with ether saturated with hydrogen chloride and once with dry ether, 
and then ground with a saturated solution of sodium hydrogen carbonate, to give ethyl 5-cyano- 
2-methylnicotinate (0-9—1-0 g.), m. p. 59° (Found: C, 63-1; H, 5-1; N, 14-4. C, 9H,,O,N, 
requires C, 63-2; H, 5-3; N, 14-7%). The ethereal filtrates were washed with water, dried 
(Na,SO,), and evaporated, to give unchanged ethyl 6-chloro-5-cyano-2-methylnicotinate (2 g.), 
m. p. 64—65°. Reduction of quantities greater than 4 g. gave lower yields. 

Condensation of Cyanomalonaldehyde with Ethyl B-Aminocrotonate.—To a stirred suspension 
of powdered sodium (0-5 g.) in dry ether (20 ml.) was added a mixture of cyanoacetaldehyde 
diethyl acetal (3 g.) and ethyl formate (1-8 g.) in ether (10 ml.), and the mixture left overnight. 
Ice-water was then added, the ether layer separated, and the aqueous solution washed with 
ether. The solution of the sodium salt of cyanomalonaldehyde !! thus obtained was added 


11 Uhle and Jacobs, /. Org. Chem., 1945, 10, 80. 
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dropwise with stirring to a mixture of ethyl 8-aminocrotonate (2-8 g.) and water (30 ml.). The 
mixture was cooled in ice and acidified with 0-5n-hydrochloric acid until acid to litmus. A 
precipitate was formed within 10 min. and was filtered off and recrystallised from ethanol, 
giving a colourless substance (0-3 g.), m. p. 161° (Found: C, 57-2; H, 5-7; N, 13-8. C,9H,,0O,N, 
requires C, 57-7; H, 5-8; N, 13-5%). 

7-Cyano-3 : 9-diethoxycarbonylquinolizin-4-one (XII).—To a solution from potassium (0-6 g.) 
in absolute ethanol (80 ml.; >99-5%, distilled over sodium and diethyl succinate) was added 
with stirring ethyl 5-cyano-2-methylnicotinate (3 g.) in ethanol (20 ml.). After 4 hour’s stirring, 
ethyl ethoxymethylenemalonate (3-5 g.) was added and the solution was refluxed with stirring 
for 4 hr. and left overnight. The alcohol was then removed in vacuo and the residue decomposed 
with ice-water. The mixture was extracted with ether until the aqueous layer was clear. The 
aqueous solution was then cooled in ice and treated with 4n-hydrochloric acid till 
acidic to Congo-red. The reddish-brown precipitate was filtered off, washed with saturated 
sodium hydrogen carbonate solution and then with water, and dried. Recrystallisation from 
ethanol gave red needles of quinolizinone (1-8 g.), m. p. 130—132° (Found: C, 60-8; H, 4-9; 
N, 8-7. C,gH,,O;N, requires C, 61-1; H, 4:5; N, 8-9%). This dissolved in 10N-hydrochloric 
acid and was reprecipitated on dilution. It also dissolved slowly in 8% sodium hydroxide 
solution from which it could be recovered by acidification but not by means of carbon dioxide. 

Hydrolysis of the Quinolizinone (XII).—(a) The quinolizinone (0-3 g.) was boiled with 10n- 
hydrochloric acid for 3 min. and then cooled. A yellow solid separated and was washed with 
concentrated hydrochloric acid and then with ice-water. It was dried and crystallised from 
acetone, yielding feathery crystals (0-15 g.),.m. p. 276° (decomp.) (Found: C, 55-2; H, 3-6; 
C,,H,,O,N, requires C, 55-3; H, 40%) of, probably, 3-carboxy-9-ethoxycarbonyl-4-oxo- 
quinolizine-7-carboxyamide. 

(b) The quinolizinone (0-3 g.) was boiled with 6N-hydrochloric acid (10 ml.) for 1 hr., the 
solution was decanted from the small amount of gum, water (8 ml.) was added, and the whole 
left overnight. The reddish-brown precipitate was filtered, dried in vacuum and crystallised 
from acetone, yielding reddish-yellow crystals (0-15 g.), m. p. 325° (decomp.) (Found: C, 56-9; 
H, 2-8. C,,H,O,;N requires C, 56-7; H, 3-0%), regarded as 4-oxoquinolizine-7 : 9-dicarboxylic 
acid, . 

7-Aminomethyl-9-ethoxycarbonylquinolizin-4-one (XIV).—The quinolizinone (XII) (3 g.) in 
ethanol (100 ml.) containing platinum oxide (0-5 g.), shaken with hydrogen at 20 Ib./sq in., 
absorbed 2 mols. of hydrogen in15min. The catalyst alcoholic solution was filtered and concen- 
trated in vacuo. The residual red gum was boiled with 6N-hydrochloric acid (40 ml.) for 1 hr. 
The solution was decanted from a small amount of gum and evaporated to dryness in vacuo. 
The residue was taken up in absolute alcohol (75 ml.) and esterified by the Fischer—Speier 
method. After the removal of alcohol in vacuo, the residue was basified with saturated sodium 
hydrogen carbonate solution and extracted with chloroform. The ester (1 g.) was obtained 
as a red gum but gave a crystalline benzoate, m. p. 100—102° (from light petroleum, b. p. 40—60°) 
(Found: C, 69-1; H, 5-4. C, 9H,,0,N, requires C, 68-9; H, 5-1%). 

7-Aminomethyl-9-hydroxymethylquinolizin-4-one (XV).—To a solution of lithium aluminium 
hydride (1-5 g.) in ether (50 ml.) was added the ester (XIV) (1 g.) in ether (250 ml.) with stirring. 
The mixture was stirred for 1 more hr. and left overnight. After decomposition in the usual 
way, the ether layer was decanted, dried (Na,SO,), and evaporated to an oil (0-2 g.). This 
base was analysed after 2 sublimations at 5-8 x 10‘ mm. (bath-temp. 120—130°) (Found: 
C, 64-3; H, 6-0. C,,H,,O,N, requires C, 64-7; H, 5-9%). 

(+)-Cytisine—The above amino-alcohol (XV) (0-15 g.) in alcohol (25 ml.) containing 
concentrated hydrochloric acid (1-5 ml.) and platinum oxide (100 mg.) was shaken with hydrogen 
at atmospheric pressure. After 2 mols. of hydrogen had been absorbed, hydrogen uptake 
slackened considerably. The solution was filtered from the catalyst and the alcohol was 
removed im vacuo. The residue was taken up in benzene (20 ml.), phosphorus pentabromide 
(0-15 g.) added in 3 portions during 20 min., and the mixture heated for 4 hr. at 100°. The 
solvent was then distilled off in vacuo, and the residue ground with saturated sodium hydrogen 
carbonate solution and extracted with chloroform; the extract was dried (Na,SO,) and 
evaporated in a Carius tube, leaving a brown gum. Anhydrous potassium carbonate (0-2 g.) 
was added to it and mixed intimately. The tube was sealed and heated for 18 hr. at 100°. 
The contents were treated with water (10 ml.) and extracted with chloroform. After removal 
of the solvent, the residual gum was sublimed in vacuo, and the sublimate crystallised from 
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acetone-ether, to give (+)-cytisine (6 mg.), m. p. 147° (Found: C, 69-1; H, 7-4. Calc. for 
C,,H,,ON,: C, 69-4; H, 7-4%) (Bohlmann ef al.* reported m. p. 147—147-5°). 


We thank Professor Galinovsky for gift of a sample of (—)-cytisine, Sir Alexander Todd, 
F.R.S., and Dr. N. Sheppard for infrared data, Dr. K. Nagarajan for valuable help, Mr. S. 
Selvavinayagam for the microanalyses, the Government of Madras for Research Assistant- 
ships (to S. R. and M. S.), and the Government of India for a Scholarship (to B. S. T.). 
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764. The Catalytic Toxicity of Nitrogen Compounds Part I. 
Toxicity of Ammonia and of Amines. 


By E. B. MaxTepD and M. S. Biccs. 


The toxicity of ammonia towards platinum in the catalytic hydrogenation 
of cyclohexene, and the suppression of this toxicity by small concentrations of 
water, have been studied; this toxicity has been compared with that of the 
cyanide ion, which forms a convenient standard for poisons containing 
nitrogen. The toxicity of dry ammonia is about 40 per cent. of that of the 
cyanide ion. The toxicity of some typical saturated amines, and the 
detoxication of these amines by acetic acid, has also been studied. 


ALTHOUGH the toxicity of compounds of phosphorus, arsenic, and antimony towards 
catalysts has been studied extensively, less is known of the corresponding toxicity of com- 
pounds of nitrogen, which forms the first member of this potentially toxic fifth-group series. 
The subject is interesting because of the close parallelism between enzymic and catalyst 
poisoning, in that many classes of nitrogen compounds including the alkaloids, are strong 
physiological poisons. Isolated instances of catalytically toxic nitrogen compounds have 
long been known, for example the cyanides. 

Carefully dried ammonia, dissolved in a water-free non-ionising solvent such as 
cyclohexane, poisons a platinum catalyst in the liquid-phase hydrogenation of cyclohexene, 
the ammonium ion being non-toxic; but only a single observation was made of this, and a 
poisoning curve for ammonia was not determined. This difference in toxicity of ammonia 
and of the ammonium ion would be expected from the general rule developed for the 
catalytic toxicity of compounds of the non-metallic fifth- and sixth-group elements,? and 
especially for sulphur, according to which the formation of the strong poison-to-catalyst 
bond the strength of which is typical of toxicity, depends on the presence in the valency 
shells of the potentially toxic element of free electron pairs which are used to form this 


bond. 
H:N:H l H'NH | 
H 


Toxic, non-shielded Non-toxic, shielded 
structure structure 


The toxicity of ammonia towards platinum and its suppression by water have now been 
studied in greater detail. Dry ammonia is about 40 per cent. as toxic as the cyanide ion, 
which is a convenient standard for poisons containing nitrogen. This similarity, at any 
rate in the order of magnitude, of the catalytic toxicity of ammonia with that of the 
cyanides is of considerable interest. The cyanide ion, which can be written (°C=N°)~ in 
addition to other resonance components, is on grounds of its greater size and consequently 
greater coverage of catalyst surface, as well as the presence of two separated free electron 


? Maxted and Walker, J., 1948, 1093. 
2? Maxted and Morrish, /., 1940, 252. 
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pairs, expected to be more toxic than ammonia, it being known that the effective toxicity 
of a poison increases with its size: further, the unsaturated internal bonding in the cyanide 
ion also probably contributes to the toxicity since the cyanides, in addition to containing a 
potentially toxic fifth-group element, also fall into the class of unsaturated poisons typified 
by carbon monoxide. This agreement in the order of magnitude of the toxicities, and the 
effect of water in the case of ammonia, have also an interest from the standpoint of the 
parallelism between physiological and metallic catalyst poisoning, since the low physio- 
logical toxicity of ammonia is probably due to the fact that such poisoning occurs in the 
presence of water: otherwise ammonia might well be as physiologically toxic as the 
cyanides, which are not affected by water. 

This work on ammonia was supplemented by the measurement of the toxicity of 
typical amines. Saturated amines were chosen in order to avoid the complication of the 
saturation, during the hydrogenation tests used for the assessment of the toxicity, not only 
of the main unsaturated substrate (cyclohexene) but also of the poison, with a corre- 
sponding change in its form. Such amines should give non-toxic derivatives also on 
addition of acids, this being so in both ionising and non-ionising solvents: 


H H H 
-N°C(R) CH,°CO.H:N:C(R) H:N:C(R) 
H H H 
Free amine (unshielded, Undissociated acetate Corresponding substituted 
toxic type) (shielded, non-toxic ammonium ion (shielded, 
type) non-toxic structure) 


The course of the detoxication of butylamine by acetic acid as an alternative to water, as 
had been done with ammonia, was therefore studied. 


EXPERIMENTAL 


Toxicity of Dry Ammonia.—The hydrogenation tests, by means of which the toxic effect of 
progressively increased small concentrations of dry ammonia was measured, were carried out 
at 30° in a mechanically driven hydrogenation shaker operating under standardised conditions, 
the normal charge (9 c.c. of dry cyclohexane containing ammonia, 1 c.c. of dry cyclohexene, 
and 0-025 g. of stock platinum black) being contained in a hydrogenation pipette previously 
dried by hot air. 

In order to prepare a stock solution of dry ammonia in cyclohexane, a stream of ammonia 
from a cylinder of already substantially dry liquid ammonia was further dried by passage 
through carefully dried soda-lime and finally over phosphoric oxide, and passed into cyclohexane 
previously dried with sodium. The stock solution, thus prepared, was kept dry in a doubly 
sealed bottle; its ammonia concentration was determined periodically by conductimetry. 
From this stock solution, the dilute solutions used in the tests were made by dilution with 
dry cyclohexane. Traces of oxygen in the electrolytic hydrogen used can produce water by 
hydrogenation, and were eliminated by passing the hydrogen over a heated platinum filament, 
any water formed, together with water vapour from the hydrogenation burettes, being frozen 
out by passage through a capillary copper coil at —180° before the hydrogen was admitted to 
the hydrogenation pipette. 

The toxic effect of small additions of rigorously dried ammonia on the hydrogenation rate 
of cyclohexene is shown in curve I of Fig. 1, where curves for diethyl sulphide in cyclohexane and 
for potassium cyanide in aqueous alcohol are shown for comparison, all the measurements being 
made with the same stock of platinum catalyst. The activity of the catalyst is expressed as a 
percentage of its unpoisoned activity. Aqueous alcohol was used for the cyanide, as potassium 
cyanide is insoluble in cyclohexane. Under the conditions of extreme dilution used the 
potassium cyanide is almost completely dissociated; curve (III) can accordingly be regarded 
as being given by the cyanide ion, the potassium ion being non-toxic. 

All these toxicity curves are of the continuously curved type rather than of the flexed, 
initially linear form, the occurrence of the one or of the other of these types of toxicity graph 
having been shown by Schwab and Waldschmidt * to depend on the degree of subdivision of the 

% Schwab and Waldschmidt, J. Chim. phys., 1954, 51, 461. 
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catalyst; 
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but, if the respective concentrations of ammonia, cyanide, and ethyl sulphide 
necessary to depress the activity of the constant amount of catalyst to one half of its unpoisoned 
value are taken as a convenient (reciprocal) approximate measure of their relative toxicity, 
ethyl sulphide is considerably more toxic than the cyanide, and the latter than ammonia. 
From the curves, these half-activity values are about 2:3 x 10-* mole for ammonia, 0-85 x 10-° 



































Fic. 1. Poisoning by (1) ammonia, (11) diethyl Fic. 2. Poisoning by (1) n-butylamine, (I1) cyclo- 
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for the cyanide, and 0-18 x 10~¢ for ethyl sulphide, giving relative toxicities approximately 0-38, 
1, and 4-9 respectively. 

Influence of Water on the Toxicity of Ammonia.—The catalyst was poisoned by a constant 
amount of dry ammonia throughout, the suppression of the toxicity of the ammonia, shown by 
the rise in the activity of the catalyst caused by addition of a progressively increased amount of 
water, being measured. Although the toxicity of ammonia is very sensitive to water, the 
amounts of water required were too large to give a homogeneous liquid phase with the cyclo- 
hexane used as solvent, and this water was accordingly added as a dilute solution in sufficient 
dry dioxan to give a clear solution in the hydrogenation pipette. The rest of the hydrogenation 
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charge consisted of 0-025 g. of stock platinum, 1 c.c. of cyclohexene, and 10 c.c. of solvent 
containing in each case 5 x 10-* mole of dry ammonia, added in cyclohexane. Accordingly, since 
the additions of ammonia and of water were conveniently made from standard solutions, the 
ratio of cyclohexane to dioxan in the solvent phase varied. Since the unpoisoned hydrogenation 
rate varies with the composition of the solvent, blank runs without ammonia were made to 
eliminate this factor. 

The effect on the toxicity of the constant amount of ammonia of the water content is shown 
in curve I of Fig. 3. 

Toxicity of Amines.—n-Butylamine, cyclohexylamine, and dicyclohexylamine were studied, 
these being two primary amines differing largely in molecular size, and one still larger secondary 
amine. The last two were dried by distillation and collection of the middle fraction. n-Butyl- 
amine, in view of its lower b. p. (77-8°), was re-distilled over sodium wire in nitrogen. Solutions 
in dry cyclohexane were made and tested as before. Toxicity curves are given in Fig. 2. 
Dicyclohexylamine is only about one-hundredth as toxic as the two primary amines, which are 
only slightly less toxic than ammonia. Half-activity values and relative toxicites, as before, 
are as follows: 


Poison M Half-activity value Relative molecular toxicity 
ae” ssacndniininneniouslibinbeckessuniiin 26 0-85 x 10-* 1 
TRIE, isicttnisectkiicinciecsovete 17 23 x 10% 0-38 
w-Butylamine _ .........c.ccccssceee 7 3:7 x 10-6 0-23 
cycloHexylamine ...............e0 99 50 x 10-¢ 0-17 
Dicyclohexylamine  ............+.. 181 3-0 x 10 0-0028 


In order to discuss the factors which may contribute to this observed sequence, more 
systematic work, including a study of primary, secondary and tertiary amines of equal size, is 
being carried out. 

Influence of Acetic Acid on the Toxicity of n-Butylamine.—Increasing amounts of acetic acid 
were added to a hydrogenation system containing a constant amount (5 x 10-* mole) of butyl- 
amine, analogously to the ammonia—water series. Although a second solvent was not needed 
the composition of the liquid phase was altered by the addition of acetic acid. Since large 
amounts of it were eventually added, blank runs were again necessary. 

Results are shown in curve II of Fig. 3. The detoxicating effect of this acid on butylamine 
is less pronounced than that of water on the toxicity of ammonia. 
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765. Studies in the Synthesis of Cortisone. Part XX.* The 
Infrared Absorption of «-Halogeno-oxo-steroids. 
By E. G. Cummins and J. E. Pace. 


The infrared absorption between 4000 and 400 cm.-! of cyclohexanones, 
oxo-steroids, oxo-steroidal sapogenins, a-halogeno-oxo-steroids, «-bromo- 
oxo-triterpenoids, and related substances has been examined and the effect of 
a-halogen substituents on the carbonyl frequency of oxo-steroids and 
-triterpenoids is discussed. Low-frequency skeletal and carbon—hydrogen 
deformation bands that appear to be characteristic of ketone and acetate 
groups have been identified and are distinguished from ‘‘ halogen-sensitive ”’ 
bands characteristic of the type of halogen substituent. An equatorial 
«-halogen substituent absorbs at a higher frequency than the corresponding 
axial one. 





THE carbonyl-stretching region of the infrared absorption spectra of «-bromo-oxo-steroids 
has received considerably more attention than the low-frequency region in which halogen 
linkages absorb. Jones, Ramsay, Herling, and Dobriner * (see also Corey ? and Corey and 


* Part XIX, J., 1957, 1175. 

1 Jones, Ramsay, Herling, and Dobriner, ]. Amer. Chem. Soc., 1952, 74, 2828; see also Corey, ibid., 
1953, 75, 4832, and Fieser and Huang, ibid., p. 4837. 

2 Corey, ibid., 1953, 75, 2301, 3297; 1954, 76, 175. 
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TABLE 1. 
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Compound Ref. 
Cholestan-B-OME  ..cccccccccccccccccccccsccccccccccccecs a 
3a-Chlorocholestan-2-ON€ —.......ceeeeeceeeeeceeeeees a 
3a-Bromocholestan-2-OMe  .........sseeeeeeeeeeeeeees a 
Sa-Iodocholestan-2-ONne  .......eseeeeeeeseeeeeeeeeees b 
Cholestan-3-ON€  ...cccccccccccccccccccccccccccccccccces c 
2a-Chlorocholestan-3-ON€ —........ceeeeeeeeeeeeeeeees d 
28-Chlorocholestan-3-OMe —........seeeeeeeeeeeeeeeees a 
2 : 2-Dichlorocholestan-3-one .............eseeeeeseee e 
2a-Bromocholestan-3-OMne  .........eeeeeeeeeeeeeeeees c 
4a-Bromocholestan-3-OMme  .........seeeceeeceeeeeeees i 
2 : 2-Dibromocholestan-3-one .............eseeeeeeees c 
2a ; 4a-Dibromocholestan-3-one ...........+..0eeeees c 
2a-Chloro-28-bromocholestan-3-one __ ..........++ e 
2a-Chloro-4a-bromocholestan-3-one .............++ e 
2a-Iodocholestan-3-OMe  .........eceeeeeeeeeeceeeeeees c 
2a-Iodo-4a-bromocholestan-3-one ............+++++: c 
Cholest-1-€n-3-ONE  .......eccecceccccccccccccccccccccecs c 
2a-Bromocholest-l-en-3-One  ..........eeeeeeeeeeeeee g 
4a-Bromocholest-l-en-3-On€  .........eeeeeeeeeeeeees h 
CHembeeS-4-OR-B-OMO  ccccccccccccccecccccccncccscccccnces c 
2a-Chlorocholest-4-en-3-ONe — .........eeeeeeeeeeeeees e 
2a-Bromocholest-4-en-3-ON€ «2... ..eeeeeeeeeeeeeeees i 
6a-Bromocholest-4-en-3-OMe .........eceeseeeeeeeees j 
68-Bromocholest-4-en-3-ONe  ........seeeeeeeeeeeeees j 
Bermoeta-S ; 29-GIOMES ...ccccgscccccccccocccccccvccccecese h 
2a-Bromoergosta-3 : 11-dione ...........0ceeeeeeeeees h 
2a : 4a-Dibromoergosta-3 : 1l-dione ............... h 
11B-Hydroxyergostan-3-OMe  .........eeeeeeeeeeeees h 
2a-Bromo-118-hydroxyergostan-2-one ............ h 
4a-Bromo-118-hydroxyergostan-3-one ............ h 
2a : 4a-Dibromo-118-hydroxyergostan-3-one ... A 
Ergost-9(11)-em-3-One ..........ccccceccscceccccccsceee h 
2a : 4a-Dibromoergost-9(11)-en-3-one ............ h 
RMROGEIHS- OED vcsccscceccccscccsedccccecesccsececccocees l 
2a-Bromolanostan-3-ONne .........ceeceeececeeeceeeeees I 
28-Bromolanostan-3-OMe —.......eceseeeceeeeceeeeeees I 
2 : 2-Dibromolanostan-3-One ...........cseseeeeeeees l 
IE, nikcticescnccccccsniqueciccensess l 
2a-Bromolanost-8(9)-en-3-ONe = .......eeeeeeeeeeeees l 
28-Bromolanost-8(9)-en-3-ONe = .......eeeeeeeeeeeees l 
RE Renee reer a 
De TOURRTIOAANBORG cccccdcscccccccccecccsesceccssses h 
5a-Chlorocholestan-6-OMe — ...........eeeeeeeseeeeeees m 
COPOETRI-S OED srcscscnscccccsccesccesassrecescesosses m 
3a-Chlorocoprostan-6-OMe — ........ceeeeeeeeeeeeeeeees n 
38-Chlorocoprostan-6-OMe  ..........eceeeeeeeeeeeeees n 
7-Oxocholestan-3B-yl acetate .............sseeeeeeees 0 
6a-Bromo-7-oxocholestan-38-yl acetate ......... o 
68-Bromo-7-oxocholestan-38-yl acetate ......... 0 
11-Oxoergostan-3f-yl acetate ...........sesceseeseees p 
9a-Bromo-11l-oxoergostan-38-yl acetate ......... q 
12a-Bromo-] l-oxoergostan-38-yl acetate ......... Yr 
12a-Chloro-23a-bromo-11l-oxotigogenin acetate s 
12a : 23a-Dibromo-11l-oxotigogenin acetate ...... t 
11-Oxotigogenin acetate ..........sseeceeceeseeeeeeees t 
128-Chloro-1l-oxotigogenin acetate ............... 
SOMMOUROOCUIIER  cccccccecesescccccessosescoseses rT 
lla : 23a-Dibromohecogenin ............s.sesseeeees u 
23a-Bromohecogenin acetate ..........sseeceeeeeeees u 
lla : 23a-Dibromohecogenin acetate ............. u 
23b-Bromohecogenin acetate ............sssssseeeees v 


lla : 23b-Dibromohecogenin acetate ............... 
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Carbonyl stretching frequencies (CS, solution) and steric configurations for halogeno- 
oxo-steroids and -oxo-triterpenotds. 
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Burke *) have shown that if the bromine atom enters at an equatorial position on the 
cyclohexanone ring in the chair configuration the carbonyl band is displaced by about 
20 cm. to a higher frequency; bromination at an axial position causes little or no 
frequency displacement. A positive frequency displacement on bromination is accom- 
panied by a 25% decrease in the integrated absorption intensity of the carbonyl band. 
Jones and his colleagues? attributed the increase in carbonyl frequency on «-bromination 
to the reduction in single-bond character of the carbonyl linkage by the adjacent, almost 
co-planar, CBr dipole, a field effect that would be almost at a minimum for an axial 
bromine substituent. These observations form the basis of an important method for 
determining the conformations of bromine linkages in bromo-oxo-steroids. 

We have examined, for carbon disulphide solutions over both the carbonyl and the low- 
frequency spectral regions, a wider range of chloro-, bromo-, and iodo-oxo-steroids than 
Jones and his colleagues examined and have extended the survey to «-chloro- and «-bromo- 
oxo-tsosapogenins and to «-bromo-oxo-triterpenoids. Our carbonyl-frequency values for 
«-bromo-oxo-steroids (see Table 1) are, when comparable with those reported by Jones 
and his colleagues, about 1—3 cm. lower, but show that their carbonyl-frequency 
displacement hypothesis} holds for «-halogenated 2-, 3-, 6-, 7-, 11-, and 12-oxo-steroids. 
An equatorial chlorine substituent causes a slightly greater carbonyl-frequency dis- 
placement (18—25 cm.-') than an equatorial bromine substituent (15—22 cm.-), which 
in turn produces a larger displacement.than an equatorial iodine substituent (about 8 
cm.~!); an axial chlorine substituent produces a smaller displacement (2—9 cm.“) than an 
equatorial one (18—25 cm.-'), but a larger displacement than axial bromine (—3 to 
+3 cm.) and axial iodine substituents (about —4 cm.'). These displacements are of 
the same order as those reported for «-halogenocyclohexanones.*:4 

The infrared measurements on the epimeric 6-bromo-7-oxocholestan-38-yl acetates are 
among the first to be reported on oxo-steroids brominated in ring B; the a- and $-con- 
figurations of their bromine atoms have been established chemically. The carbonyl 
bands at 1712 and 1735 cm. in the spectrum of the 68-bromo-7-ketone are assigned to 
the 7-ketone and the 3-acetate group, respectively. However, the integrated absorption 
intensity of the single carbonyl band at 1735 cm. in the spectrum of the 6«-bromo-7- 
ketone corresponds with that for one ketone and one acetate group and shows that the 
7-ketone absorption band has been displaced by about 22 cm.-! and superimposed on that 
for the 3-acetate group. Thus an equatorial 6-bromine atom displaces by about 22 cm.+ 
the absorption frequency of the 7-ketone group; an axial 6-bromine atom has no effect. 

Halogen atoms that are not adjacent to a ketone group have little or no effect on the 
carbonyl frequency. Thus equatorial and axial 6-bromine and equatorial and axial 
3-chlorine atoms affect only slightly the carbonyl frequencies of cholest-4-en-3-one and 
coprostan-6-one, respectively. This effect is consistent with the electrostatic field theory 
of Jones e¢ al. 








* a = axial; e = equatorial; A = displacement. 

(a) Supplied by Professor D. H. R. Barton, F.R.S. (b) Bird and Cookson, unpublished work, 
(c) Ref. 28. (d) Beereboom, Djerassi, Ginsburg, and Fieser, J. Amer. Chem. Soc., 1953, 75, 3500. 
(e) Beereboom and Djerassi, J. Org. Chem., 1954, 19, 1196. (f) Ref. 11. (g) Djerassi and Scholz, 
J. Amer. Chem. Soc., 1947, 69, 2404. (h) Prepared by Dr. A. G. Long. (i) Djerassi, J. Amer. 
Chem. Soc., 1949, 71, 1003. (7) Bird, Cookson, and Dandegaonker, J., 1956, 3675. (1) Ref. 6. (m) 
Supplied by Professor C. W. Shoppee, F.R.S. (mn) Shoppee, Bridgwater, Jones, and Summers, /., 
1956, 2492. (0) Barr, Heilbron, Jones, and Spring, J., 1938, 334. (p) Heusser, Eichenberger, Kurath, 
Dallenbach, and Jeger, Helv. Chim. Acta, 1951, 34, 2106. (gq) Henbest, Jones, Wagland, and Wrigley, 

1955, 2477. (r) Henbest and Wrigley, J., submitted for publication. (s) Schmidlin and 
Wettstein, Helv. Chim. Acta, 1953, 36, 1241. (t) Cornforth, Osbond, and Phillipps, J., 1954, 907. 
(w) Elks, Phillipps, Walker, and Wyman, /J., 1956, 4330. (v) Mueller and Norton, J. Amer. Chem. 
Soc., 1954, 76, 749. (w) Ref. 19. 


® Corey and Burke, J. Amer. Chem. Soc., 1955, 77, 5418. 
4 Jones and Herling, J. Org. Chem., 1954, 19, 1252. 


5 Fieser and Fieser, ‘‘ Natural Products related to Phenanthrene,” 3rd edn., Reinhold, New York, 
1949, p. 270. 
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Barton, Lewis, and McGhie’s observation ® that ring a of 2«-bromo- and of 28-bromo- 
lanostan-3-ones has a chair (I) and a boat conformation (II), respectively, is supported 
by our infrared measurements. The spectra of both epimeric lanostanones show positive 
carbonyl-frequency displacements of 22—25 and 28—31 cm.-, respectively, indicating 
that the carbon—bromine linkage in both compounds is equatorial; the displacements are 
slightly greater than those (15—22 cm.) observed for «-bromo-oxo-steroids. The carbon- 
bromine linkages of both 2«-bromolanostan-3-one, in which ring A has a chair conformation, 
and 28-bromolanostan-3-one, in which ring A has a boat conformation, are equatorial and 
would be expected to cause positive carbonyl-frequency displacements (see Jones’). If 
ring A of 28-bromolanostan-3-one had a chair conformation, powerful 1 : 3-interactions 


(IT) 





would occur between the axial bromine atom and the axial 4- and 10-methyl groups; 
these interactions are avoided by a boat conformation. It is noteworthy that 2: 2-di- 
bromo- has a lower carbonyl frequency (1716 cm.~*) than either 2«- (1726 cm.") or 2@- 
bromolanostan-3-one (1732 cm.~*). 

The carbonyl frequency of cholestan-3-one (1715 cm.) is decreased by the introduction 
of a-gem-dimethyl groups. Thus lanostan-3-one and 2: 2: 4: 4-tetramethylcholestan-3- 
one absorb at 1704 and 1698 cm.~, respectively. A similar trend is seen in the carbonyl- 
frequency data for «-alkyl- and «-aryl-cyclohexanones reported by Cherrier ® and Conroy 
and Firestone ® (see also Lukes, Poos, Beyler, Johns, and Sarett?®). The frequency 
displacements induced by «-alkyl groups are much smaller than, in the opposite direction 
to, and apparently less consistent than, those produced by «-halogen atoms. Conroy 
and Firestone ® attributed the decrease in carbonyl frequency occurring on alkylation 
at both «a-carbon atoms in cyclohexanone to the tendency of the two a-alkyl substituents 
to widen the carbonyl angle; this effect of disubstitution at both a-carbon atoms might 
explain the unexpectedly low carbonyl frequency of 2 : 2-dibromolanostan-3-one. 

Low-frequency Spectra.—The carbonyl frequency method is not satisfactory for deter- 
mining the conformations of halogen substituents in «-halogeno-oxo-steroids, such as 
bromo-21-acetoxy-17«-hydroxyallopregnane-3 : 11 : 20-triones, which have several carbonyl 
groups; the carbonyl region of the spectra of such compounds is fairly complex and it is 
not always possible to distinguish small frequency displacements in them." It therefore 
appeared reasonable to find out whether our observation,!? that an equatorial carbon- 
halogen linkage in a simple halogeno-steroid absorbs at a higher frequency than the 
corresponding axial linkage, could be applied to halogeno-oxo-steroids. Such an extension 
might provide information to supplement that derived from a study of carbonyl-stretching 
frequencies. Dr. G. Eglinton (see Barton, Campos-Neves, and Cookson 1%) has suggested 
that some of the absorption bands previously 12 shown to be characteristic of equatorial 
and axial halogen substituents may correspond with polarised or coupled carbon-hydrogen 
deformation modes rather than with simple carbon—halogen stretching vibrations; these 
will therefore be referred to as ‘‘ halogen-sensitive ’’ bands. A change of this kind in the 

* Barton, Lewis, and McGhie, J., in the press, 

7 Jones, J. Amer. Chem. Soc., 1953, '75, 4839. 

8 Cherrier, Compt. rend., 1947, 225, 1063. 

* Conroy and Firestone, J. Amer. Chem. Soc., 1956, 78, 2290. 

10 Lukes, Poos, Beyler, Johns, and Sarett, ibid., 1953, 75, 1707. 

1 Evans, Hamlet, Hunt, Jones, Long, Oughton, Stephenson, Walker, and Wilson, J., 1956, 4356. 


12 Barton, Page, and Shoppee, /J., 1956, 331. 
13 Barton, Campos-Neves, and Cookson, /., 1956, 3500. 
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assumed origin of the bands would not affect our empirical correlation of band frequency 
with halogen conformation. 

The halogen-sensitive bands for halogeno-oxo-steroids occur in the low-frequency 
spectral region, in which the skeletal and carbon—hydrogen deformation bands associated 
with ketone and acetate groups would be expected to appear. However, since little is 
known about the behaviour of such bands, it was first necessary to examine the low- 
frequency spectra of simple unhalogenated cyclohexanones and oxo-steroids. 


TABLE 2. Frequencies (cm.!) and apparent molecular extinction coefficients (in parentheses) 
for low-frequency absorption bands of cyclohexanones and related substances (CS, solution). 


No. Compound Absorption bands 

GR IIIS i cccciccieccncccscnscctenpintsiebserinsics §22(4) 

DR III acisctiticsscreewcsnisincescsncincssceds 788(6), 652(4), 554(16), 475(7) 

CE Dat yepcleeand asic cess ececiccnnceseccscesis 772(4), 561(14), 517(10), 434 

66 Methyl 2-methylcyclohexanyl ether ............ 778(4), 554(7), 506(8) 

CE CII cn cvnerescccccccccscsinipibisitanets 748(20), 650(7), 489(24), 410 

68 2-Methylcyclohexanone _ ............cccccccssecsees 721(11), 655(5), 513(7), 500(9), 425 
69 3-Methyleyclohexanone _ ............csccceecsceceee 751(10), 639(4), 512(26), 489(12), 436(5) 
70 2: 2-Dimethylcyclohexanone ............csssss0es 691(7), 651(5), 553(9), 512(14), 439(7) 
71 2: 6-Dimethyleyclohexanone .............sseesee: 752(12), 586(5), 411 

72 2:2: 6-Trimethylcyclohexanone ................ 735(9), 559(8), 549(8), 455(5), 416 

73 2:2:6: 6-Tetramethylcyclohexanone ......... 758(5), 548(12), 453(6) 


The prominent absorption bands appearing above 1350 cm.~ in the infrared spectra 
of steroids are mainly of simple contour and can be identified with vibrations of specific 
bonds or small atomic groups. At lower frequencies the spectra are more complex and 
are highly specific for individual compounds.* The bands below 700 cm.~ in the spectra 
of compounds containing carbon, hydrogen, and oxygen only are probably associated with 
skeletal and coupled deformation vibrations of carbon—hydrogen linkages. The frequency 
and intensity of the bands will be readily affected by small changes in the molecule and 
any structural assignments are, therefore, likely to be more specific, but of more limited 
application, than those made at higher frequencies. The bands are usually much weaker 
than the carbonyl and carbon—oxygen stretching bands found at higher frequencies. 

The low-frequency (700—400 cm.-) spectra of cyclohexanones and oxo-steroids have 
received scant attention. Thompson and Torkington?® examined the low-frequency 
spectra of simple alkyl acetates and identified at 640 and 612 cm. absorption bands that 
they thought were associated in some way with the CH,°CO or CH,°CO-O parts of the 
molecule. Recently, a series of absorption bands at about 600, 520, and 400 cm.“ in the 
spectra of simple non-branching aliphatic ketones have been assigned by Lecomte, Josien, 
and Lascombe ?* to individual deformation vibrations of the carbonyl group; the spectra of 
branched-chain ketones were more complex, and the bands could not be fully assigned. 

Low-frequency spectra of a-methylcyclohexanones and related substances. Our values 
for the frequencies and apparent molecular extinction coefficients of the principal bands 
between 800 and 400 cm.- in the spectra of «-methylcyclohexanones and related substances 
are summarized in Table 2. The apparent molecular extinction coefficient values (see 
p. 3857) provide information on the relative, but not the absolute, band intensity. 

cycloHexane shows only one weak band at 522 cm.*!; the introduction of a ketone or 
hydroxyl group leads to the appearance of three additional bands, the cyclohexanone 
bands being stronger than the cyclohexanol ones. The cyclohexanone bands at 650, 489, 
and 410 cm.-! appear to correspond with those at 600, 520, and 400 cm. in the spectra 
of the unbranched long-chain aliphatic ketones examined by Lecomte and his colleagues,” 
and it is tempting to assume that the bands are associated with Lecomte’s v,, vz, and vg 
vibrations, respectively. However, since the ring is less planar, the skeletal vibration 

14 Jones, Nolin, and Roberts, J. Amer. Chem. Soc., 1955, 77, 6331. 


15 Thompson and Torkington, J., 1945, 640. 
16 Lecomte, Josien, and Lascombe, Bull. Soc. chim. France, 1956, 163. 
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modes for cyclohexanone are more complex than those for unbranched long-chain aliphatic 
ketones. Jones, Nolin, and Roberts’ have indicated for cyclohexanone eight sets of 
vibrations that could arise from coupling of the fundamental ketone in-plane skeletal 


TABLE 3. Frequencies (cm.) and apparent molecular extinction coefficients (in parentheses) 
for low-frequency absorption bands of steroids and triterpenoids (CS, solution). 


No. Compound Absorption bands 

74 alloPregnan-3-ol ............seeeeeees 759(11), 713(10), 641(11), 606(13), 513(18), 477(21) 
Ve See 732(11), pres ), 556(9), 531(8), 494(13) 
IE wadbdndidendeusenstseucateecie 735(15), 625(8), 606(8), 592(14), 501(11) 

77 Cholestan-38-yl acetate. ............ 732(10), 663(12), 608 (28), J ot a 476(9), 446(9) 
78 Cholesteryl acetate ...............08- 734(12), 668(6), 620(14), 607(30) 


79 Tigogenin acetate (III; R= Ac)  673(16), 663(18), 606(28), 575(12 2), 541(23), 533(17), 508(13), 
477(12), 453(16) 


50 11-Oxoergostan-3f-yl acetate ...... 797(9), 662(10), 632(50), 606(32), 587(15), 557(9), 543(15), 
503(11), 485(10), 447(10) 

55 11-Oxotigogenin acetate ............ 782(18), 663(20), 623(20), 606(33), 601(33), 542(31), 508(14), 
474(11), 453(15) 

80 Hecogenin acetate .............00006 794(12), 779(14), 757(8), 644(8), 605(32), 584(18), 566(12), 

538(24), 519(9), 486(8) 

© CHIANG  icicscvcevccccscicccs 760(10), pn te 682(7), —- 508(10), 502(12), 449(5) 

81 Cholest-5-en-3-one .............eee0es 795(33), 772(10), 735(11), 608(7), 584(21), 505 (22) 

82 Coprostan-3-one  ..........seseeeeeees 767(14), 733( 10), 680(9), nee 529(30) 

17 Cholest-l-en-3-one  .............e000e 778(114), 746(12), 554(7), 502(17), 448(20) 

20 Cholest-4-en-3-one.............eceseeee 778(26), 733(11), 683(33}, 653(10), 567(11), 536(12), 512(23), 
460(14) 

83 Cholesta-1 : 4-dien-3-one ............ 702(30), 686(29), 559(9), 521(17), 515(20), 483(22) 

84 Cholesta-4 : 6-dien-3-one ............ 775(17), 754(28), 736(8), 703(8), 665(19), 624(18), 548(11), 
515(19), 482(8) 

28 118-Hydroxyergostan-3-one ...... 798(9), 763(12), 743(13), 625(18), 587(8), 547(17), 523(16), 
512(20), 464(18) 

25 Ergosta-3 : 1l-dione .................. 763(8), 742(10), 633(43), 548(22), 501(21), 465(17) 

Be PIII, 40 - nccccmmnuadiinbens 731, 583, 494 

38 Lanost-8(9)-en-3-one.............00.. 732, 653, 578, 522, 494 

ee 766(54), 578(28) 


motions with stretching motions of the C,-Cg linkages in different phase relationships. 
These vibrations, however, cannot be identified with normal vibration modes, since the 
latter may involve resultant motions not necessarily directed along the bond axes and not 
readily to be predicted for such asymmetric structures. It is therefore only possible at 
present to make empirical structural assignments. 

The spectra of the «-methylcyclohexanones are comparable with those of the branched- 
chain ketones examined by Lecomte ef al.16 The bands between 550 and 480 cm.* in 
the spectra of «-methylcyclohexanones are weaker than those for cyclohexanone, suggesting 
that the bands are associated with coupled «-methylene deformation vibrations of the 
ketone group; such bands would be expected to be weaker in the spectra of a-methyl 
ketones. 

Low-frequency spectra of steroids. The low-frequency spectra of steroids, tsosapogenins, 
and triterpenoids [see Table 3 (bands with an apparent molecular extinction coefficient 
of less than 5 have been omitted from the Table)] are more complex and contain stronger 
bands than those of cyclohexanones. However, the 550—500 cm.-! bands for cholestan- 
38-ol are weaker than those for cholestan- and coprostan-3-one (cf. cyclohexanol and 
cyclohexanone). Cholestan-3-one has three bands of medium intensity in this region at 
536, 508, and 502 cm.-!, but coprostan-3-one shows a single strong band at about 529 cm. 
These bands probably have an origin similar to that of the corresponding bands in the 
spectrum of cyclohexanone and represent coupled «-methylene deformation vibrations 
of the 3-ketone group; the frequency and intensity of the band or bands depend on the 
nature of the neighbouring substituents. If the 3-ketone group is conjugated with a 
double bond, as in cholest-l-en- and cholest-4-en-3-one, the band pattern changes and a 
medium intensity band appears at 460—448 cm.!. A 4-gem-dimethyl group, as in 
lanostan-3-one, displaces the stronger band to higher frequencies, namely, 583—578 cm.*. 
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It is further seen from Table 3 that 11-oxo- and 118-hydroxy-steroids absorb relatively 
strongly at about 632—623 and 625 cm.-}, respectively, and are distinguished from 38- 
acetoxy-steroids, which have prominent bands at 608—605 cm... These empirical 
assignments are tentative, but they are supported by our measurements on halogeno-oxo- 
steroids; the bands are usually about 2—3 times as strong as the other bands in this 
spectral region and are readily identified. The 38-acetate bands at 608—605 cm.-! are 


Me Me 





RO (IV) 
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probably related to the alkyl acetate bands at about 640 and 612 cm.-!, which were first 
reported by Thompson and Torkington.4® The relatively strong bands in the 900—750 
cm.~! region of the cholestenone spectra are associated with out-of-plane carbon—hydrogen 
bending vibrations of the conjugated ethylenic linkages: they have been discussed by 
Jones, Herling, and Katzenellenbogen.?7 

Steroidal sapogenins, such as tigogenin acetate (III; R = Ac) and hecogenin acetate, 
which 18 absorb so strongly between 1000 and 850 cm.-!, show in the low-frequency region 
several weak bands, but no strong bands that can be assigned to the tsosapogenin side- 
chain. The triterpenoid, allobetulone (IV), however, has a strong band at 766 cm.", 
which also appears in the spectra of other allobetulin derivatives and is probably associated 
with ring E of the allobetulin molecule. 

Low-frequency spectra of «-halogeno-oxo-steroids and -oxo-triterpenoids. The low- 
frequency spectra of «-halogeno-oxo-steroids contain halogen-sensitive bands, which must 
be distinguished from the skeletal and carbon—hydrogen deformation bands associated 
with ketone and acetate groups. Since ethylenic double bonds absorb in the low-frequency 
region, we have excluded from this survey halogenated «8-unsaturated oxo-steroids. 

The skeletal and carbon-hydrogen deformation ketone bands for «-halogeno-oxo- 
steroids (see Table 4) appear at slightly higher frequencies than, but have similar apparent 
molecular extinction coefficients to, those for the corresponding unhalogenated oxo- 
steroids. The frequency and apparent molecular extinction coefficient of the bands 
depend on the nature and conformation of the halogen atom. The ketone bands for 
2a-chloro- (595 cm.~'), 2a-bromo- (564 cm.~'), and 2«-iodo-cholestan-3-one (560—540 cm.-) 
appear in the expected order (see Figs. 1, 2, and 3); 2«-chlorocholestan-3-one (595 cm.~), 
which has an equatorial chlorine substituent, absorbs at a slightly higher frequency than 
the corresponding 28-chloro-epimer (588 cm.“'). The ketone band is either absent from, 
or has an apparent molecular extinction coefficient of less than 20 in, the spectra of 2-bromo- 
lanostan-3-ones and of 2« : 4«-dibromo-3-oxo-5a-steroids. This is in harmony with the 
suggestion that the bands are associated with carbon—hydrogen deformation vibrations 
of the methylene group adjacent to the ketone. 

The carbon—hydrogen deformation band for the 118-hydroxy] group of a halogeno-118- 
hydroxy-3-oxo-5a-steroid appears in the same region (656—629 cm."') as that for the 
corresponding unhalogenated steroid; the band for 4«-bromo-11$-hydroxyergostan-3- 
one splits into two relatively weak components absorbing at about 656 and 637 cm.*. 


17 Jones, Herling, and Katzenellenbogen, J. Amer. Chem. Soc., 1955, 77, 651. 
18 Wall, Eddy, McClennan, and Klumpp, Analyt. Chem., 1952, 24, 1337; Jones, Katzenellenbogen, 
and Dobriner, J. Amer. Chem. Soc., 1953, 75, 158. 
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The spectra of «-halogeno-3-oxo-5«-steroids show one strong halogen-sensitive band 
and one or two of medium intensity between 850 and 670 cm. that are readily distinguished 
from carbon-hydrogen deformation ketone bands, which appear at lower frequencies; all 
the bands are listed in Table 4. The relatively strong bands (apparent molecular extinction 
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TABLE 4. Structural assignments and apparent molecular extinction coefficients (in paren- 
theses) for low-frequency absorption bands (cm.-') in CSq solution spectra of mono-a-halogeno- 


oxo-steroids. 


Con- 
formn. 
of 
C-Hal Halogen- 6- 11- 3- 
No. Compound linkage sensitive 3-Ketone Ketone Ketone Acetate 
2 3a-Chlorocholestan-2-one a 735(33), 702(28) 566(57), 470(25) Tf —- _- = 
3 3a-Bromocholestan-2-one a 670(24) 531(55), 455(30) ¢ -- -- = 
4 3a-Iodocholestan-2-one a 645 534, 482 fF — _- -— 
6 2a-Chlorocholestan-3-one e 841(54), 752(23), 595(58) — — — 
714(20) 
9 2a-Bromocholestan-3-one e 814(44), 750(21), 564(36) -- ~- -- 
698(27 
29 2a-Bromo-11f-hydroxy- e 816(46), 753(21), 562(34), 534(30) -- 29(25)* — 
ergostan-3-one 703(32) 
26 2a-Bromoergosta-3 : 11- e $14(40), 754(13), 561(56) -- 633(47) —_— 
dione 696 (26) 
15 2a-Iodocholestan-3-one e 800(52), 744(31), 560(48), 540(46) -- _- -- 
686 (36) 
7 28-Chlorocholestan-3-one a 708(24), 694 588(35), 486(10) — — — 
10 4a-Bromocholestan-3-one e 727(50) 548(36), 539(36) — = — 
30 4a-Bromo-118-hydroxy- e 730(48), 703(18) 548 i 656, 637* — 
ergostan-3-one 

23 6a-Bromocholest-4-en-3- e 788(41), 726(47), 508(19) — = — 
one 685(50) 

24 68-Bromocholest-4-en-3- a 700(53), 685(34), 535(29) _ _ —- 
one 649(23) 

43 5a-Chlorocholestan-6-one a 756 -- N.I. —- _ 

45 3a-Chlorocoprostan-6- e 751(95) — 625, 590, — — 
one ft 555 

46 38-Chlorocoprostan-6-one{ a 711(50) —_ 597 — — 

48 6a-Bromo-7-oxocholestan- e 765, 735, 678 — ae a 608 
38-yl acetate 

49 68-Bromo-7-oxocholestan- a 734, 686, 609 — — — 609 
38-yl acetate 

51 9a-Bromo-ll-oxoergostan- a 785(35), 744(55) —_ — 633(60) 605(29) 
38-yl acetate 

53 12a-Chloro-23a-bromo-11- a 762 - -- 663, 643 606 
oxotigogenin acetate 

52 12a-Bromo-1l-oxoergo- a 717(51) - - 643(30) 608(34) 

stan-38-yl acetate 
54 12a: 23a-Dibromo-ll-oxo- a 715 -- — 660, 640 606 
tigogenin acetate 
56 128-Chloro-11l-oxotigo- e 806 _— — N.I. N.I. 
genin acetate 
* 118-Hydroxy. ft 2-Ketone. f{ 58-Steroid. N.I., not examined in 700—400 cm. region. 








coefficient, 5440) at 841, 816—814, and 800 cm.~! in the spectra of 2«-chloro-, 2«-bromo-, 
and 2«-iodo-3-oxo-5a-steroids, respectively, follow the general order, chlorine, bromine, 
iodine (see Figs. 1, 2, and 3). The corresponding band for 4«-bromo- (730—727 cm.*) 
appears about 85 cm.~ lower than that for 2«-bromo-3-oxo-5a-steroids (see Fig. 4). The 
medium-intensity bands occurring between 755 and 685 cm.-! in the spectra of «-halogeno- 
3-oxo-steroids, although showing a small progressive frequency displacement with change 
in halogen substituent, probably represent coupled carbon—hydrogen deformation modes. 

Axial halogen substituents in general absorb at a lower frequency, and frequently 
yield weaker absorption bands, than the corresponding equatorial substituents; this is 
consistent with our suggested basis for distinguishing between equatorial and axial 
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linkages.!2_ The equatorial halogen substituents in 2«-chlorocholestan-3-one, 6«-bromo-7- 
oxocholestan-38-yl acetate, and 3a-chlorocoprostan-6-one absorb at 841 (see Fig. 1), 678, 
and 751 cm.-, respectively, and the axial substituents of the corresponding halogen epimers 
at 708 (see Fig. 5), 609, and 711 cm.-1, respectively. The axial halogen substituents in 
3a-chloro-, 3a-bromo-, and 3-iodo-cholestan-2-one absorb at 735, 670, and 645 cm."!, 
respectively, compared with 841, 814, and 800 cm.-, respectively, for the equatorial 
halogen substituents in 2«-chloro-, 2a-bromo-, and 2z-iodo-cholestan-3-one. The axial 
bromine substituents of 9a-bromo- and of 12«-bromo-ll-oxoergostan-3$-yl acetate have 
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unexpectedly high absorption frequencies, namely, 744 and 717 cm.", respectively; the 
12a-bromine value is supported by our measurements on 12-halogeno-11-oxotigogenins. 

The low-frequency spectra of 23a-bromoisosapogenins }*:1® have a strong bromine band 
at about 726 cm.-!, but otherwise do not show bands characteristic of the 23a-bromotso- 
sapogenin side-chain; the 726 cm. band has been excluded from Table 4. The other 


19 Dickson and Page, J., 1955, 447. 
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low-frequency bands in the spectra of «-halogeno-oxo-steroidal sapogenins are as expected 
from a study of simpler steroids. We were unable with certainty to identify bands 
associated with lla-bromine in the low-frequency spectra of lla: 23a- and Ila: 230- 
dibromohecogenins. 

The low-frequency spectrum of a 2: 2-dihalogeno- is more complex than that of a 
2a : 4a-dihalogeno-3-oxo-5a-steroid (see Table 5 and Figs. 6 and 7); this is in harmony 
with Fox and Martin’s observation ®° (see also Bergmann and Pinchas *! and Page **) that 
repetition of an absorbing substituent on the same carbon atom causes splitting of the 


TABLE 5. Structural assignments and apparent molecular extinction coefficients (in paren- 
theses) for low-frequency absorption bands (cm.-') in CS, solution spectra of di-a-halogeno- 
3-oxo-sterotds. 


Conformn. 
of C-Hal Halogen- 
No. Compound linkages sensitive 3-Ketone 11-Ketone 
8 2: 2-Dichlorocholestan-3-one e:a 838, 722 N.I. N.I. 
1l 2: 2-Dibromocholestan-3-one e:a 823(44), 685(52), 546(29), 492(23)? —_ 
588(31), 566(34)? 
13 2a-Chloro-28-bromocholestan-3-one e:a 826(33), 758(45), 569(31), 535(27) _— 
715(58), 697(37), 
595(54) 
12 2a : 4a-Dibromocholestan-3-one e:e 686(63), 608(112) 546(12), 529(9) — 
31 2a: 4a-Dibromo-118-hydroxy- e:e 690(64), 608(118) 527(14), 515(12) 638(46) * 
ergostan-3-one 
33 2a : 4a-Dibromoergost-9(11)-en-3- e:e 692(80), 606(101 549(14), 539(13) a 
one 
27 2a : 4a-Dibromoergosta-3 : 11]-dione e:e 690(61), 608(81) 541(19), 508(20) 643(70) 
14 2a-Chloro-4a-bromocholestan-3-one e:e 706(54), 687(30), 572(8), 549(9), — 
635(27), 625(42), 535(7) 
608(55) 


* 118-Hydroxy. N.I., not examined in 700—400 cm. region. 


absorption band. The strongest bromine-sensitive bands for a 2: 2-dibromo- and a 
2a : 4a-dibromo-3-oxo-5«-steroid appear at about 823 and 685 and at 692—686 and 608— 
606 cm."!, respectively; the bands occurring between 600 and 560 cm." in the spectrum 
of the 2: 2-dibromo-isomer may also be bromine-sensitive. 

The low-frequency spectrum of a 2: 4«-dibromo-3-oxo-5a-steroid is unexpectedly 
simple (see Fig. 7). The two bromine bands are surprisingly strong (apparent molecular 
extinction coefficients, 80—61 and 118—81, respectively) and have lower frequencies 
(692—686 and 608—606 cm.-, respectively) than those for other equatorial bromine 
substituents. The carbon—hydrogen deformation ketone bands usually appearing between 
570 and 540 cm.-! and having an apparent molecular extinction coefficient of about 50 in 
the spectra of mono-«-bromo-3-oxo-5a-steroids are either absent or have an apparent 
molecular extinction coefficient of less than 20. 

The strong bromine-sensitive bands at 762—760 cm.“! and at 716—715 cm. in the 
spectra of 2«-bromo- and 28-bromo-lanostanones (see Table 6 and Figs. 8 and 9) provide 
additional evidence that the bromine substituents in both compounds are equatorial and 
confirm the view that ring A in these compounds has a chair (I) and a boat conformation 
(II), respectively (see Barton, Lewis, and McGhie ®). 2«-Bromoallobetulone shows in 
addition to the bromine-sensitive band at 762 cm. an equally strong band at 766 cm.*1, 
which appears to be characteristic of the allobetulin molecule (see above). 

The effect of an adjacent ketone group on the absorption frequency and apparent 
molecular extinction coefficient of the halogen-sensitive vibration for 2- and 3-halogeno- 
cholestanes is shown in Table 7. The frequency values of «-halogenocholestanones are 


2® Fox and Martin, Proc. Roy. Soc., 1938, A, 167, 257. 
21 Bergmann and Pinchas, Rec. Trav. chim., 1952, 71, 161. 
22 Page, J., 1955, 2017. 
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taken from Table 4 of this paper, but those for halogenocholestanes are based on values 
reported previously.12, An adjacent ketone group displaces the frequency of an equatorial 


TABLE 6. Structural assignments and apparent molecular extinction coefficients (in paren- 
theses) for low-frequency absorption bands (cm.-1) in CSg solution spectra of «-bromo-oxc- 


triterpenotds. 
Conformn. 
Conformn. of C—Br Bromine- 

No. Compound of ring A linkages sensitive 3-Ketone 
35 2a-Bromolanostan-3-one Chair e 760(50,) 736(44), 588(12), 549(10) 

724(40) 
39 2a-Bromolanost-8(9)-en-3-one a e 762(59), 734(54) 548(20) 
42 2a-Bromoallobetulone ad e 762(56), 730(30) 584(19), 531(10) 
36 28-Bromolanostan-3-one Boat e 781(35), 768(22), 553(14) 

715(56) 
40 28-Bromolanost-8(9)-en-3-one i e 788(30), 755(23), 558(20), 515(10) 

716(54) 
37 2: 2-Dibromolanostan-3-one -- e:a 780(31), 723(33), 539(28) 

( 


630(25), 588(48) 


chlorine or bromine substituent by about 85 cm.-! to higher frequencies; the frequency 
of an axial substituent suffers a smaller displacement (about 20 cm.-) in either a positive 
or a negative direction. The apparent molecular extinction coefficients of the bands for 


TABLE 7. Comparison of frequencies (cm.') and apparent molecular extinction coefficients 
(tn parentheses) of halogen-sensitive bands for simple halogenocholestanes and «a-halogeno- 


cholestanones. 
Conformn. of - Halogeno- a-Halogeno- Frequency 
Halogen C-Hal linkage cholestane cholestanone displacement 
2a-Chloro......... e 755(95) 841(54) * +86 
28-Chioro ......... a 693(80) 708(24) * +15 
3a-Chloro.......... a 707 (62) 735(33) ¢ +28 
2a-Bromo ......... e 754—708 (90—50) 816—814(46—40) * +84 
Sa-BromMo  ..cccceee a 690 (46) 670(24) ft —20 
* 3-Ketone. + 2-Ketone. 


both equatorial and axial halogen substituents are, however, reduced. Mizushima and 
his colleagues 23 (see also McBee and Christman ™) have shown that in the more stable 
form of compounds, such as bromo- and chloro-acetyl chloride and chloroacetone, in which 
the halogen atom is cis with respect to the carbonyl oxygen, namely, equatorial, the carbon- 
halogen frequency rises. 


EXPERIMENTAL 


The cyclohexanones, steroids, isosapogenins, and triterpenoids were examined over the 
4000—650 cm. spectral region as either 1-0% or 2-0% (w/v) carbon disulphide solutions in 
0-8 mm. cells by means of a Perkin-Elmer Corporation, model 21, double-beam infrared spectro- 
photometer fitted with a sodium chloride prism (see Dickson, Page, and Rogers **) and over the 
1000—400 cm.“ region as a 2-0% (w/v) carbon disulphide solution in a 2-0 mm. cell in the same 
spectrophotometer fitted with a potassium bromide prism (see Barton, Page, and Shoppee 7%). 
The spectral slit width was about 6 cm.~? at 1700 cm.“ (sodium chloride prism) and 3 cm."? 
at 600 cm.~! (potassium bromide prism). The apparent molecular extinction coefficients were 
calculated from the relation, ¢ = (1/cl) log,, (T,/T), where T, and T are, respectively, the % 
radiation transmitted by the solvent and by the solution at the frequency of the absorption 
band, c is the solute concentration in moles per 1., and / is the cell thickness in cm. (cf. refs. 26). 


*3 Nakagawa, Ichishima, Kuratani, Miyazawa, Shimanouchi, and Mizushima, J. Chem. Phys., 1952, 
20, 1720; Mizushima, Shimanouchi, Miyazawa, Ichishima, Kuratani, Nakagawa, and Shido, ibid., 1953, 
21, 815. 

#4 McBee and Christman, J. Amer. Chem. Soc., 1955, 77, 755. 

28 Dickson, Page, and Rogers, J., 1955, 443. 

36 Ramsay, J. Amer. Chem. Soc., 1952, 74, 72; Jones, Ramsay, Keir, and Dobriner, ibid., p. 80. 
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All the compounds, with the exception of those acknowledged below, were prepared in 
these laboratories; their physical properties have been described either by Attenburrow eé¢ al. 
(a-methyleyclohexanones) 27, by Shoppee and Shoppee (simple steroids and steroidal sapo- 
genins),?® or in the references listed in Table 1. 


We thank Professor D. H. R. Barton, F.R.S. (Glasgow University) for specimens (1), (2), 
(3), (7), (34), (35), (36), (37), (38), (39), (40), (41), (47), (48), and (49), Dr. R. C. Cookson (Birkbeck 
College, London) for specimens (4), (15), (23), and (24), Dr. H. B. Henbest (King’s College, 
London) for pomgres (51) and (52), - Professor C. W. Shoppee, F.R.S. (Sydney University) 
for specimens (43), (44), (45), and (46 


GLaxo LABORATORIES LTD., 
GREENFORD, MIDDLESEX. [Received, March 13th, 1957.] 


27 Attenburrow, Cameron, Chapman, Evans, Hems, Jansen, and Walker, J., 1952, 1094. 


28 Shoppee and Shoppee, ‘‘ Chemistry of Carbon Compounds,” ed. E. H. Rodd, Elsevier, Amsterdam, 
1953, Vol. II B, pp. 765, 876, and 983. 





766. Vinylanthracenes. 
By E. G. E. HAWKINS. 


9-, 1-, and 2-Vinyl- and -isopropenyl-anthracene have been prepared by 
dehydration of the corresponding secondary alcohols, and 9-vinylanthracene 
also by Wittig’s method. 


THE three isomeric vinylanthracenes have not been described although preparations of 
2-isopropenyl-,! 9-propyl-10-isopropenyl-,? 1 : 5-diisopropenyl-,3 and octahydro-9-vinyl- 
anthracene * have been reported. Fieser and Hartwell® stated that dehydration of 
1-9’-anthrylethanol by potassium hydrogen sulphate, phosphoric oxide in benzene, or 
sulphuric acid yielded anthracene, 9-ethylanthracene, ethers, and polymeric resins. 

It has now been found that distillation of 1-9’-anthrylethanol, usually from potassium 
hydrogen sulphate, gives 9-vinylanthracene in good yield. Uncatalysed distillation some- 
times did, and sometimes did not, cause dehydration, probably depending on the purity of 
the sample. Distillation from solid alkali, however, gave back the starting compound. 
The 9-vinylanthracene differed from 9-ethylanthracene in colour, crystalline form, 
solubility, unsaturation value, and melting point, but the presence of unsaturation in the 
side-chain could not be distinguished by spectroscopic examination (ultraviolet or infra- 
red, which will be reported later by Mr. W. F. Maddams). Its nature was proved by an 
independent synthesis by Wittig’s method: ® reaction of 9-anthraldehyde with triphenyl- 
phosphinemethylene yielded identical 9-vinylanthracene. 

Dehydration of the 1-1’- and 1-2’-anthrylethanol followed a similar pattern, although 
the yields of the vinyl compounds were generally lower through thermal polymerisation of 
the first-formed monomer, and the 2’-compound gave a higher yield of monomer when 
dehydrated in the absence of a catalyst. The structures of the 1- and 2-vinylanthracene 
were confirmed by ozonolysis and decomposition under oxidative conditions to the anthra- 
quinonecarboxylic acids. 

A Grignard reaction carried out as described by Bergmann and Bergmann! for the 
preparation of 2-isopropenylanthracene gave a product with a similar melting point to 
theirs but this was found to be the intermediate tertiary alcohol by infrared spectroscopy 
(to be reported later) and by elementary analysis. Distillation of this alcohol, in the 
1 Bergmann and Bergmann, /. Amer. Chem. Soc., 1940, 62, 1699. 

2 Badger, ]., 1952, 1175. 

® Coulson, J., 1930, 1931. 

; Baddeley and Williamson, J., 1953, 2120. 
6 


Fieser and Hartwell, J. Amer. Chem. Soc., 1938, 60, 2555. 
Wittig and Schdllkopf, Chem. Ber., 1954, 87, 1318; Wittig and Haag, ibid., 1955, 88, 1654. 
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presence of potassium hydrogen sulphate and a polymerisation inhibitor, gave 2-isopropenyl- 
anthracene with a slightly lower melting point than that previously reported. 
1-isoPropenylanthracene was prepared by a similar route and was liquid. However, 
attempts to form the 9-isomer by reaction of 9-acetylanthracene with methylmagnesium 
iodide or methyl-lithium led to recovery of the ketone. Eventually 9-isopropenyl- 
anthracene was synthesised by the reaction of 9-anthrylmagnesium bromide with acetone. 
The isomeric acetylanthracenes for this work were obtained according to I.G. patent 
methods,’ although the isomerisation of the 9-isomer to a mixture of 1l- and 2-acetyl- 
anthracene was found to proceed only with variable and poor yields. The acetyl- 
anthracenes were conveniently reduced to the alcohols by lithium aluminium hydride. 
Addition of bromine to 9-vinylanthracene, followed by reaction with potassium 


acetate, provided a solid with analysis consistent with an acetoxyvinylanthracene 
structure. 


EXPERIMENTAL 
The anthracene used was of “ blue fluorescence ”’ quality. 


Acetylanthracenes.—Initial experiments on the acylation of anthracene with acetyl chloride 
in the presence of aluminium chloride were carried out under a variety of conditions in an 
attempt to obtain individual isomers in higher yields than those previously reported. The effect 
of different solvents (chloroform, ethylene dichloride, benzene, and nitrobenzene), various 
temperatures and times of reaction, and order of addition of the reactants, failed to improve on 
the conditions described by I.G.7 Two diacetylanthracenes were, however, obtained, besides 
the monoacetylanthracenes, from this preliminary work: the first, from an ethanol-soluble 
fraction, when recrystallised from light petroleum (b. p. 80—100°) and then chloroform, had 
m. p. 165—170° (Found: C, 82-2; H, 5-6%; M (ebullioscopic in acetone), 250 + 5. C,,H,,O, 
requires C, 82-4; H, 5-3%; M, 262], and the second, from an ethanol-insoluble portion, when 
recrystallised from toluene, had m. p. 215—216° [Found: C, 83-0; H, 5-5%; M (ebullioscopic 
in acetone), 265 + 5]. 

9-Acetylanthracene.—Anthracene (150 g.) was dissolved in dry benzene (960 c.c.) and acetyl 
chloride (360 c.c.) added, in a flask fitted with a mercury-sealed stirrer and a reflux condenser. 
The temperature was maintained at — 5° to 0° and aluminium chloride (225 g.) added in portions. 
Stirring was continued for a further 4 hr. and the temperature then allowed to rise to 10°. The 
red solid complex was filtered off (sintered glass) and washed with benzene, and added to ice and 
hydrochloric acid, recovered, combined with the residue obtained by evaporating the liquid 
organic layer to dryness im vacuo, and recrystallised from boiling ethanol and then ethyl acetate 
(charcoal). It had m. p. 74—76° (Found: C, 86-9; H, 5-4. Calc. for C,,H,,O: C, 87-3; H, 
5-45%). 

In several preparations on this scale from anthracene (1680 g.) there were obtained 9-acetyl- 
anthracene (1150 g.) and recovered anthracene (170 g.), although yields from individual batches 
varied from 73 g. to 156 g. from 150 g. of anthracene. 

l- and 2-Acetylanthracene.—9-Acetylanthracene (22 g.) was dissoived in nitrobenzene 
(100 g.), and aluminium chloride (13-4 g.) added gradually with stirring, without control of 
temperature. After 2? hr. benzene (100 g.) was added, the red solid complex filtered off and 
decomposed with water, and the product extracted with chloroform. Evaporation of the 
solvent from the washed and dried extract left a residue which provided crude 2-acetyl- 
anthracene after crystallisation from ethyl acetate. Further recrystallisations from ethyl 
acetate (charcoal) and light petroleum (b. p. 80—100°) gave the pure compound (8-0 g.), m. p. 
190—192° (Found: C, 86-8; H, 5-4%). 

The filtrate from the initial crystallisation from ethyl acetate provided l-acetylanthracene 
(2-5 g.), m. p. 107-5—109° (Found: C, 87-1; H, 4:9%). 

Isomerisation of larger quantities of 9-acetylanthracene (110 g. or 220 g.) gave 40—50% 
yields of crude product, but after separation of the isomers and purification the yield had been 
reduced to 15—20% with the two separated isomers obtained in approximately equal amount. 

1-9’-A nthrylethanol._—(i) 9-Acetylanthracene (98 g.) was extracted from a Soxhlet thimble 
by refluxing ether (1-5 1.) under nitrogen on to lithium aluminium hydride (10 g.). Excess of 


7 I.G. Farbenind. A.-G., G.P. 492,247, 493,688, 499,051; cf. Org. Synth., 1950, 30, 1. 
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hydride was removed with wet ether and the mixture treated with ice and dilute sulphuric acid. 
Normal working up followed by crystallisation of the residue from ethanol afforded 
1-9’-anthrylethanol (82-5 g.), m. p. 120—122-5° (Found: C, 86-7; H, 6-6. Calc. for C,,H,,O: 
C, 86-5; H, 6-3%). 

(ii) From another reduction there was obtained, after evaporation of the ether, a residue 
from which the desired alcohol was extracted by ethanol. There remained an ethanol-insoluble 
portion which, after recrystallisation from benzene—acetone, had m. p. ca. 220°, raised to 240— 
245° by distillation under reduced pressure, was an ether (infrared spectrum), and corresponded 
in m. p. with the ether, presumably bis-(1-9’-anthrylethyl) ether, obtained by Fieser and 
Hartwell 5 [Found: C, 90-0; H, 5-8%; M (ebullioscopic), ca. 450. Calc. for C;,H,,0: C, 90-1; 
H, 6-1%; M, 426). 

Attempts to purify the mother-liquors from these crystallisations by distillation led to 
decomposition. 

1-1’-Anthrylethanol— Reduction was carried out in a similar way to that for 9-acetyl- 
anthracene. The l-acetylanthracene (84 g.) yielded the required alcohol, m. p. 116—118° (from 
ethanol) (Found: C, 86-1; H, 6-4%). 

1-2’-Anthrylethanol.—The much lower solubility of 2-acetylanthracene in ether caused the 
reduction, carried out as for the other isomers, to take longer. The ketone (81 g.) gave the 
ethanol (72 g.), m. p. 162—163-5° (from methylene chloride or methylene chloride—ether) 
(Found: C, 86-5; H, 6-3. C,,H,,O requires C, 86-5; H, 6-3%). 

9-Vinylanthracene.—(i) Pure 1-9’-anthrylethanol (20 g.) was heated at 200—250°/1 mm. in 
the presence of powdered potassium hydrogen sulphate (0-5 g.): an orange-yellow oil distilled 
and left a brown residue (1-6 g.)._ The oil crystallised in the condenser and recrystallisation from 
light petroleum (b. p. 40—60°) and then from methanol (400 c.c.)-ethanol (50 c.c.)—light 
petroleum (25 c.c.) gave yellow crystals (12 g.), m. p. 64—67°, of 9-vinylanthracene (Found: C, 
93-8, 93-9; H, 6-0, 6-1%; unsaturation equiv., 102-5%. C,,H,, requires C, 94:1; H, 5-9%). 
This product depressed the m. p. of 9-ethylanthracene, which gave an apparent unsaturation 
value of 4-3% of a double bond/mole. 

(ii) Distillation of pure alcohol in the absence of potassium hydrogen sulphate gave little 
residue, but the distillate was unchanged alcohol. However, distillation of a different sample 
(5-0 g.), apparently equally pure, gave a residue (0-5 g.) and a distillate (4-5 g.), which on 
crystallisation provided 9-vinylanthracene, m. p. 63—66°, and a trace of white solid (more 
soluble in ethanol), m. p. 89—91°. 

(iii) Distillation of mother-liquors from crystallisation of the alcohol provided an oil which 
deposited both white and yellow crystals from a light petroleum solution. These were separated 
mechanically as far as possible: recrystallisation of the yellow solid yielded 9-vinylanthracene, 
m. p. 59—61°, whilst the white solid after purification had m. p. 89—91° (from light petroleum). 
Spectroscopic examination of the latter compound showed the presence of a hydroxyl group and 
a dihydroanthracene system, and its m. p. agreed with that reported ® for 1-(9 : 10-dihydro-9- 
anthryl)ethanol (m. p. 89-5—90-5°) (Found: C, 85-5; H, 7-3. Calc. for C,,H,,O: C, 85-7; H, 
7-1%). 

(iv) The alcohol (5-0 g.) and potassium hydroxide (0-5 g.) were heated at 0-5 mm. Ata bath 
temperature of ca. 200° a nearly colourless oil distilled and left a residue (2-8 g.). The distillate 
was found to be unchanged alcohol containing a small amount of anthracene. 

(v) Methyltriphenylphosphonium bromide (3-6 g.) was suspended in dry ether (10 c.c.) and 
there was added, with stirring under nitrogen, sufficient of an ethereal solution of phenyl- 
lithium (prepared from ethyl-lithium and diphenylmercury) to bring about reaction of the 
phosphonium bromide as indicated by the disappearance of solid and the colour of the solution 
becoming orange-red (cf. ref. 6). This ethereal solution, containing triphenylphosphine- 
methylene, was sealed in glass with 9-anthraldehyde (2-5 g.), partly dissolved in ether (30 c.c.) ; 
the mixture was heated at 65° overnight. The tube was cooled, and the contents washed out 
with ether and treated with dilute hydrochloric acid: some light brown solid (polymer?) was 
insoluble in both phases. The ethereal solution was evaporated to dryness and the residue 
extracted with light petroleum containing ethanol: this extract, on cooling, provided crystalline 
9-vinylanthracene (0-8 g.), which on further recrystallisation from light petroleum had m. p. 
63—64-5°, undepressed on admixture with the compound formed by dehydration of 1-9’- 
anthrylethanol. 


® May and Mosettig, /. 4mer. Chem. Soc., 1948, 70, 688. 
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1-Vinylanthracene.—(i) 1-1’-Anthrylethanol (4-0 g.) was heated with a trace of pow- 
dered potassium hydrogen sulphate at 0-5 mm.: at 200° an oil distilled and crystallised 
in the condenser, and left a polymeric residue (1-2 g.). The distillate of 1-vinylanthracene, 
after twice recrystallising from ethanol, had m. p. 58—61° (Found: C, 94-2; H, 6-0. 
C,,H,, requires C, 94-1; H, 5-9%). The infra-red spectrum confirmed the presence of a vinyl 
group. 

(ii) In two experiments where the alcohol was distilled at 0-8 mm. in the absence of a dehydr- 
ation catalyst the results differed. In one case dehydration took place and 1-vinylanthracene 
was formed, and in the other case the alcohol distilled unchanged. 

Distillation from activated alumina or calcium chloride caused no dehydration, whilst oxalic 
acid brought about incomplete reaction. Larger-scale dehydrations, in the presence of 
potassium hydrogen sulphate, often led to greater quantities of polymeric residues, which 
distilled at ca. 340° (bath) /0-8 mm. and were probably dimers. 

1-Vinylanthracene (0-5 g.) in chloroform (50 c.c.) was treated with ozone at room temperature 
and then the solvent removed under reduced pressure. The residue was heated for 14 hr. with 
acetic acid (15 c.c.) and 90% hydrogen peroxide (5 c.c.). The solid product (0-2 g.) had m. p. 
281—286° (from ethanol), undepressed on admixture with authentic anthraquinone-1l-carboxylic 
acid (prepared by chromic acid oxidation of l-anthroic acid; m. p. 285—287°) (Found: C, 
70-8; H, 3-1. Calc. for C,;H,O,: C, 71-4; H, 3-2%). The spectra of the two acids were also 
identical. 

2-Vinylanthracene.—(i) 1-2’-Anthrylethanol (5-0 g.) mixed with a trace of phenyl-8-naphthy!l- 
amine, was heated in a small Claisen flask at 1-0 mm. with the initial bath-temperature at 250°. 
The residue (1-7 g.) was polymeric, and the distillate, after recrystallisation from benzene, had 
m. p. 180—188°; further recrystallisation from ethanol provided 2-vinylanthracene, m. p. 
186-5—188° (Found: C, 92-9; H, 59%). 2-Ethylanthracene has m. p. 150—151°. 

The quantity of polymeric residue was unaffected by the presence of an inhibitor. Use of 
potassium hydrogen sulphate was unnecessary, and with this alcohol gave more polymer and 
less distillate. 

(ii) The alcohol (1-5 g.) and potassium hydroxide (trace) were heated together as above, and 
the bath-temperature gradually raised to 300°. The material in the flask frothed and became 
dark brown and the distillate was found to consist mainly of unchanged alcohol containing a 
trace of l-vinylanthracene. Residue, 0-7 g. 

2-Vinylanthracene was ozonised and the product worked up as for the 1-vinyl isomer, to give 
anthraquinone-2-carboxylic acid, m. p. 287—-288° (from acetic acid) undepressed on admixture 
with an authentic specimen, m. p. 287—-289°, prepared by oxidation of 2-anthroic acid with 
chromic acid. 

1-isoPropenylanthracene.—A Grignard solution was prepared from methyl iodide (7 g.) and 
magnesium (1 g.) in ether, and l-acetylanthracene (5 g.) in dry benzene (100 c.c.) added. The 
mixture was boiled for 4 hr., cooled, and poured into ice and hydrochloric acid. The organic 
phase was evaporated and the residue distilled under reduced pressure. The Aydrocarbon 
(4-5 g.) did not crystallise, but infrared spectroscopy showed it to contain an unsaturated side- 
chain (Found: C, 93-2, 93-3; H, 6-3, 6-5. C,,H,, requires C, 93-6; H, 6-4%). 

2-isoPropenylanthracene.—A Grignard reaction was carried out as above, but with 2-acetyl- 
anthracene (5 g.). The ether and benzene were removed under reduced pressure and the 
residue crystallised successively from benzene and ethanol. The product (5-0 g.) had m. p. 
152—154° (reported ! m. p. for 2-isopropenylanthracene, 154°) but its infrared spectrum showed 
the presence of a hydroxy-group and elementary analysis gave results in agreement with those 
expected for 2-2’-anthrylpropan-2-ol (Found: C, 86-5, 86-7; H, 6-5, 6-7. C,,H,,O requires C, 
86-4; H, 6-8%). 

Distillation of this alcohol under reduced pressure in the presence of potassium hydrogen 
sulphate and phenyl-8-naphthylamine gave a solid product, m. p. 150—152°, after crystallis- 
ation from light petroleum and methanol-ethanol, the m. p. being depressed on admixture with 
the above alcohol (Found: C, 93-3; H, 6-0. C,,H,, requires C, 93-6; H, 6-4%). 

9-isoPropenylanthracene.—(i) The same method was used as for the two above isomers, but 
the 9-acetylanthracene was recovered unchanged, at the end of the reaction. Similarly, the 
reaction of a benzene solution of 9-acetylanthracene (5 g.) with ethereal methyl-lithium (from 
lithium, 1-3 g.), followed by heating for 7 hr. under reflux, yielded unchanged acetylanthracene 
(3-8 g.) and a little polymeric resin. 
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(ii) 9-Bromoanthracene was prepared by Barnett and Cook’s method,® and after successive 
recrystallisations from light petroleum (b. p. 80—100°) had m. p. 100—101°. Magnesium 
(1-0 g.) was powdered in a mortar, boiled with dry carbon tetrachloride, washed with dry ether, 
and allowed to react, in dry ether, with a small quantity of ethyl bromide: when the reaction 
had been initiated a warm solution of 9-bromoanthracene (5-0 g.) in dry ether was 
added gradually, and finally the mixture heated under reflux for 24 hr. Acetone (5 c.c.) in dry 
ether was then added, and the solution heated for 1 hr., kept at room temperature overnight, and 
worked up normally. The final residue was dissolved in hot benzene and from this anthracene 
(1-7 g.) crystallised: the mother-liquors were evaporated to dryness and the residue distilled at 
0-5 mm. to give a gum (1-9 g.). This gum, by suitable fractional crystallisation from light 
petroleum, ethanol, and methanol as solvents, was separated into yellow 9-bromoanthracene, 
m. p. 100—101° (from ethanol), and scales of 9-isopropenylanthracene, m. p. 84-5—86° (from 
ethanol) (Found: C, 93-5; H, 6-3. C,,H,, requires C, 93-6; H, 6-4%). The infrared spectrum 
confirmed the presence of an unsaturated sidechain. 

Addition of Bromine to 9-Vinylanthracene—Bromine (0-8 g.) in carbon disulphide (5 c.c.) 
was added during 10 min. to an ice-cooled solution of 9-vinylanthracene (1-0 g.) in carbon 
disulphide (7 c.c.). Very little hydrogen bromide appeared to be liberated during this addition. 
After evaporation of the solvent the residual oil (1-7 g.) did not crystallise: distillation of a 
portion at 0-5 mm. gave a crystalline distillate, which after recrystallisation from ethanol 
yielded a wide-melting solid, obviously a mixture [Found: C, 64-6; H, 3-7; Br, 31-6. Calc. 
for C,,H,,Br (bromovinylanthracene): C, 67-8; H, 3-9; Br, 28-2. Calc. for C,,H,.Br, (dibromo- 
ethylanthracene): C, 52-8; H, 3-3; Br, 44-0%]. 

A portion of the undistilled product was heated with potassium acetate in acetic acid. After 
normal working up the product was distilled at 1-0 mm., to give a residue (0-7 g.) and a distillate 
(0-5 g.) which, when recrystallised from ethanol and then light petroleum, gave anthraquinone 
and yellow crystals, m. p. 97—101°, probably an acetoxyvinylanthracene (Found: C, 82-7; H, 5-7. 
C,,H,,0, requires C, 82-4; H, 5-3%); the infrared spectrum confirmed the presence of an ester 


group. 
The author thanks Mr. R. D. Thompson and Mr. M. D. Philpot for carrying out part of the 
experimental work and Mr. W. F. Maddams for spectroscopic examination of the products. 
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767. Synthetic Applications of Activated Metal Catalysts. Part IV.* 
The Formation of Dimeric Products during Desulphurisations. 


By G. M. BapGER and W. H. F. Sasse. 


Desulphurisation of thiophen derivatives with W-7 Raney nickel has 
been shown to yield small amounts of dimeric products in addition to the 
expected monomeric compounds. The yield of dimeric product depends 
on the concentration of the thiophen derivative in the reaction mixture, the 
time of contact with the catalyst, and its hydrogen content. The results 
are discussed with reference to the mechanism of desulphurisation. 


THE initial step in any desulphurisation with Raney nickel is, almost certainly, chemi- 
sorption of the sulphur atom to the catalyst. It is generally supposed that this is followed 
by the fission of the carbon-sulphur bonds to give free radicals, which are hydrogenated 
to give the normal desulphurised product (route A).2*¢ 


* Part III, J., 1957, 1652. 


1 Maxted, Adv. Catalysis, 1951, 3, 129. 

* Mozingo, Wolf, Harris, and Folkers, J]. Amer. Chem. Soc., 1943, 65, 1013. 
3 Kenner, Lythgoe, and Todd, J., 1948, 957. 

* Baker, El-Nawawy, and Ollis, /., 1952, 3163. 
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An alternative reaction (route B) is, however, possible.2_ In the desulphurisation of 
mercaptals and similar compounds with a nickel catalyst from which most of the chemi- 
sorbed hydrogen had been removed, Hauptmann and his co-workers ® did observe a 
recombination of free radicals according to route B. Moreover, desulphurisation of 
2-acetylthiophen (1; R = Me) with the very active W-6 and W-7 catalysts has been shown 
to give some dodecane-2 : 11-dione (III; R = Me), presumably by route B, as well as the 


A 
—» RH + R'H 
R-S-R’ —— R: + -R’ —— 
—m R-R + RR’ + R-R’ 
B 


expected hexan-2-one (II; R = Me) by route A. This observation is consistent with the 
free-radical mechanism, as also is the work of Bonner.’ As a further contribution to the 
study of the mechanism of desulphurisation, the amount of dimeric product (route B) 
formed from thiophen derivatives under different experimental conditions has been 


investigated. 
) l , ii mt . _ 
CH,[CH,],"COR R-CO-[CH,],-COR CH,'[CH,],*CH(OH)-[CH,],°CO,H 
(II) (IIT) (V) 
HO,C-[CH,],CH(OH)-[CH,],°CH(OH)-[CH,],CO,H 
(VI) 


Desulphurisation of 2-benzoylthiophen (I; R = Ph) has been found to give some 
1 : 8-dibenzoyloctane (III; R =H) in addition to the expected valerophenone (II; 
R = Ph). With increasing concentration of benzoylthiophen in the reaction mixture the 
yield of the dimeric product (IIT) at first increased, and then decreased (see Table). The 
yield of dimeric product (III) was also dependent on the time of contact with the catalyst. 
When 2-benzoylthiophen was desulphurised by passage through a column packed with 
the nickel catalyst, so that the time of contact was relatively short, only a small yield of 
dimer was obtained. On the other hand, the yield of valerophenone was practically 
independent of both the concentration of benzoylthiophen in the reaction mixture and the 
time of contact. With a special deactivated catalyst, however, a reduced yield of valero- 
phenone was obtained, but the yield of dibenzoyloctane was increased. 

Similarly, in the desulphurisation of 2-acetylthiophen (cf. ref. 6), the yield of dodecane- 
2:11-dione at first increased with increasing concentration of acetylthiophen in the 
mixture, and then decreased. The desulphurisation of §-2-thenoylpropionic acid (IV) 
was somewhat more complex, but the amount of dimeric product was significantly greater 
when a deactivated catalyst was used. With W-7 Raney nickel, 8-2-thenoylpropionic 
acid gave a compound which is presumably the dilactone of the dimeric product (VI) as 
well as the lactone of 4-hydroxyoctanoic acid (V). With the deactivated catalyst, however, 
the reduction of the keto-acid was incomplete. 4-Oxo-octanoic acid was obtained in 
addition to 4-hydroxyoctanoic lactone, and the only dimeric product isolated was 4 : 13- 
dioxohexadecane-1 : 16-dioic acid (?) identical with the acid previously obtained * by 
desulphurisation of 8-(5-bromo-2-thenoyl)propionic acid. 

Dimeric desulphurisation products were also obtained in small yield from other thiophen 
derivatives. Thus, desulphurisation of 2-propionylthiophen gave heptan-3-one and 
tetradecane-3 : 12-dione (?); thiophen-2-carboxylic acid (VII) gave n-valeric acid and 

5 Hauptmann, Wladislaw, and Camargo, Experientia, 1948, 4, 385; Hauptmann and Wladislaw, 
J. Amer. Chem. Soc., 1950, 72, 707, 710. 


* Badger, Rodda, and Sasse, J., 1954, 4162. 
7 Bonner, J. Amer. Chem. Soc., 1952, 74, 1034. 
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sebacic acid; and y-2-thienylbutyric acid (VIII) gave octanoic acid and hexadecane-1 : 16- 
dioic acid. In several cases very small amounts of an additional by-product were noticed, 
but these were not obtained in sufficient quantity for identification. With 2-ethyl-5- 
heptanoylthiophen,® with y-(5-alkyl-2-thienyl)butyric acids,* and with 2-acetyl-5-ethyl- 
thiophen, however, no dimeric product could be detected. It will be noted that 


Desulphurisation of 2-benzoylthiophen. 
Concn. of benzoyl- Yield of valero- Yield of 1 : 8-dibenzoyl- 


Catalyst and remarks thiophen * phenone (%) ® octane (%) ® 
Wee ccccnecncseeosesnersssevennesaces 1-33 58 3:8 
W-7, added in portions ...... 1-33 69 3-6 
WT ccccccccecccccccccccccccccoceces 0-053 59 0-78 
We ccccncesocecorvescecccoscnccsecess 2-85 59 2-3 
Tr, SE REE, wcacccccsevemerees — 60 0-97 
Deactivated W-7  ........seeee0+ 1-11 47 4-4 


* Moles of 2-benzoylthiophen per 1. of reaction mixture. For this purpose the volume of the 
catalyst (ca. 2 c.c./g. for fresh W-7) was deducted. ° Based on the 2-benzoylthiophen consumed. 


these compounds have no free «-positions. Similarly, 3-acetylthionaphthen (IX) was 
desulphurised to 3-phenylbutan-2-une, and no dimeric product was obtained. The 
desulphurisation of dibenzothiophen gave diphenyl in 99% yield, and no side-products 


were observed. 
l l l _ 
l ' - . _ 


s 
(VII) (VIII) (IX) 


Discussion.—The results of the present work are consistent with the mechanism for 
the desulphurisation reaction which has been outlined above. The higher yields of 
dimeric product obtained with increasing concentration of thiophen derivative are not 
unexpected because under such conditions more molecules of the thiophen derivative will 
be chemisorbed per unit area of catalyst, and this will lead to a decrease in the mean 
distance between the free-radical intermediates. As the concentration is further increased, 
however, the yield of dimeric product is reduced. In these circumstances it is suggested 
that more molecules of thiophen derivative are adsorbed than can be desulphurised. The 
catalyst surface is “‘ swamped,” the interaction between the chemisorbed free radicals is 
hindered, and the rate of recombination is lowered. 

No such concentration effects would be expected for the formation of the products 
arising by route A provided the reaction time is sufficient. The hydrogen content of the 
catalyst will, however, be a determining factor for this route. As the hydrogen content 
is decreased, route A would be expected to become less important, and the competing 
reaction (route B) more important. This has been confirmed, for greater yields of the 
dimeric products have been obtained by using deactivated catalysts. 

In the desulphurisation of thiophen derivatives, the postulated intermediates must be 


2 3 4 5 
diradicals with uncoupled electrons at positions 2 and 5 (R-CH=CH-CH=CH)), and it 
is noteworthy that when recombination occurs it invariably involves the 5-position. 
Steric hindrance is evidently a factor here, making recombination at the substituted 
2-position difficult or impossible. This suggests that the dimerisation must occur while 
the diene system is still adsorbed on the catalyst surface, for steric effects in solution would 
not be important unless the group R is very bulky. The failure of 2: 5-disubstituted 
thiophens to give dimeric desulphurisation products is consistent with this interpretation. 
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Steric effects of this type have also been postulated ® to explain the failure of 2 : 6-di- 
substituted pyridines to dimerise when heated with a deactivated Raney nickel catalyst. 

Steric hindrance may also prevent the recombination of two free radicals from two 
molecules of 3-acetylthionaphthen, for no dimeric product was observed in this case. 
The inability of certain 3-substituted pyridines to undergo dimerisation over deactivated 
Raney nickel has been similarly explained.® 


EXPERIMENTAL 


Desulphurisation of 2-Benzoylthiophen.—(i) In 1-33M-solution. A solution of 2-benzoyl- 
thiophen (30 g.) in methanol (100 c.c.) was added all at once to W-7 Raney nickel (from 125 g. 
of alloy; and washed with methanol). After the strongly exothermic reaction had subsided, 
the mixture was refluxed for 5 hr. The catalyst was then separated and extracted (Soxhlet) 
with methanol for 24 hr. The combined methanolic solutions were evaporated and the residue 
was distilled to give fractions: (a) a colourless liquid (10 g.), b. p. 127—-130°/17 mm.; (b) a pale 
green oil (10 g.), b. p. 94—94°/0-05 mm., which solidified to a colourless solid, m. p. 55—56°, 
alone or mixed with 2-benzoylthiophen; and (c) the residue (3-5 g.), which after recrystallisation 
from ethanol gave 1 : 8-dibenzoyloctane (0-65 g.) as colourless plates, m. p. 94—95° (Found: 
C, 82-1; H, 8-1; O, 10-2. Calc. for C,,H,,O,: C, 81-95; H, 8-1; O, 9-9%) (Borsche et al.® 
report pale yellow leaflets, m. p. 91—92°). The dioxime crystallised from ethanol as colourless 
needles, m. p. 119—120° (Found: C, 75-4; H, 7-9; N, 7-55. Calc. for C,,H,,0,N,: C, 75-0; 
H, 8-0; N, 7-95%) (recorded m. p.s vary from 91—92° to 120—121°). Fraction (a) was 
characterised as n-valerophenone by its semicarbazone, m. p. 165—166° (lit., m. p. 166°), and 
by its 2: 4-dinitrophenylhydrazone, which separated from chloroform as fine red needles, m. p. 
152—153° (Found: C, 59-6; H, 5-25; O, 18-8. C,,H,,0O,N, requires C, 59-6; H, 5-3; O, 18-7%). 

(ii) Im 1-33M-solution. In a similar experiment the W-7 Raney nickel catalyst was added 
in portions during 1 hr., and refluxing continued for 24 hr. Distillation gave fractions: (a) 
n-valerophenone (12-5 g.), b. p. 127—130°/17 mm.; (6) 2-benzoylthiophen (9 g.), b. p. 108— 
109°/0-1 mm.; (c) the residue (3 g.) from which 1 : 8-dibenzoyloctane (0-65 g.) was isolated. 

(iii) Jn 0-053M-solution. The W-7 catalyst (from 80 g. of alloy) was added all at once to the 
benzoylthiophen (20 g.) in methanol (2000 c.c.), and the mixture refluxed for 17 hr. Working 
up as in method (i) gave n-valerophenoné (6-8 g.), 2-benzoylthiophen (6-5 g.), and, from the 
residue (0-4 g.), 1 : 8-dibenzoyloctane (0-090 g.). 

(iv) Im 2-85M-solution. The W-7 catalyst (from 125 g. of alloy) was added all at once to 
benzoylthiophen (64-5 g.) in methanol (120 c.c.), and the mixture refluxed for 3 hr. Working 
up as before gave n-valerophenone (10 g.), 2-benzoylthiophen (45 g.), and 1: 8-dibenzoyl- 
oxtane (0-39 g.). 

(v) In a column. W-7 Raney nickel (from 125 g. of alloy; washed with methanol) was 
packed in a column (23 x 3} cm.) with alternate beds (averaging 2 cm.) of sand. A saturated 
solution of the ketone (50 g.) in methanol was passed through the column under a nitrogen 
pressure of 10 Ib./in.?, considerable heat being generated as the front of the solution reached 
each band of catalyst; but the column had cooled to room temperature after 15 min. After 
1 1. solution had been collected (1 hr.) the catalyst was extracted with boiling methanol. 
Working up in the usual way gave -valerophenone (2-5 g.), 2-benzoylthiophen (45-15 g.), and 
1 : 8-dibenzoyloctane (0-040 g.). 

(vi) In 1-11M-solution with deactivated catalyst. An aqueous suspension of W-7 Raney 
nickel (from 80 g. of alloy) was heated at 90—95° with gentle stirring for 1 hr., then washed by 
decantation with methanol and added all at once to a solution of 2-benzoylthiophen (25 g.) in 
methanol (120 c.c.). After refluxing for 5 hr. the mixture was worked up and yielded n-valero- 
phenone (4 g.), benzoylthiophen (15 g.), and 1 : 8-dibenzoyloctane (0-380 g.). 

Desulphurisation of 2-Acetylthiophen.—(i) In 2M-solution. W-7 Raney nickel (from 125 g. 
of alloy) suspended in methanol was added all at once to 2-acetylthiophen (30 g.) in methanol, 
the total volume being 250 c.c., and the mixture refluxed for 5 hr. Distillation gave fractions: 





® Badger and Sasse, /., 1956, 616. 
* Borsche and Wollemann, Rer., 1911, 44, 3186. 
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(a) a colourless oil (16-5 g.), b. p. 110—115°/25 mm., 2-acetylthiophen [2 : 4-dinitrophenyl- 
hydrazone, m. p. 244° (lit., m. p. 245°)]; (6) a yellow oil (1 g.), b. p. 160°/25 mm.; and (c) a pale 
yellow solid (1 g.), b. p. 160—170°/25 mm. Fractions (b) and (c) were combined and recrystal- 
lised from light petroleum (b. p. <40°) at —70°, to yield dodecane-2 : 11-dione (0-270 g.) as 
colourless plates, m. p. and mixed m. p. 63—64-5°, and a further quantity (0-1 g.) of less pure 
material, m. p. 55—60°. 

(ii) In 0-08M-solution. W-7 Raney nickel (from 125 g. of alloy) was added to 2-acetyl- 
thiophen (20 g.) in methanol (2000 c.c.). Distillation gave fractions: (a) hexan-2-one (0-87 g.), 
b. p. 57°/22 mm. [2 : 4-dinitrophenylhydrazone, m. p. 105° (lit., m. p. 104—105°)]; (6) 2-acetyl- 
thiophen (6-5 g.), b. p. 100—105°/22 mm.; (c) a pale yellow oil (0-83 g.), b. p. 160—170°/22 mm. ; 
and (d) the residue (1 g.). Recrystallisation of the fraction (c) gave dodecane-2: 11-dione 
(0-035 g.), m. p. 61—63°; but no pure product could be isolated from the residue. 

(iii) In 18-5M-solution. A solution of 2-acetylthiophen (117 g.) in methanol (50 c.c.) was 
refluxed with W-7 Raney nickel (from 125 g. of alloy) for 22 hr. Working up in the usual way 
gave hexan-2-one (3 g.), 2-acetylthiophen (96 g.), and dodecane-2: 11-dione (0-26 g.). 

Desulphurisation of 2-Propionylthiophen.—A mixture of 2-propionylthiophen (27 g.) and 
W-7 Raney nickel (from 125 g. alloy) in ethanol (total volume 500 c.c.) was refluxed for 5 hr. 
Distillation of the product gave fractions: (a) heptan-3-one (4-4 g.), b. p. 66°/30 mm. [semi- 
carbazone, m. p. 101—103° (lit., m. p. 102°); 2: 4-dinitrophenylhydrazone, orange needles, 
m. p. 104—105° (from ethanol) (Found: C, 52-95; H, 6-1; O, 21-6. C,,;H,,O,N, requires 
C, 53-34; H, 6-2; O, 21-87)]; (6) 2-propionylthiophen (20 g.), b. p. 119°/29 mm., m*® 1-5538 
(lit., #®° 1-5540); and (c) a pale yellow solid (0-5 g.), b. p. 100—120°/0-1 mm. After purification 
by chromatography in light petroleum (b. p. 40—100°) on alumina, fraction (c) yielded tetra- 
decane-3 : 12-dione (?) (0-066 g.) as colourless plates, m. p. 78° (from hexane) (Found: C, 74-6; 
H, 11-7; O, 13-8. C,gH,,0, requires C, 74-3; H, 11-6; O, 14-1%). 

Desulphurisation of 2-Acetyl-5-ethylthiophen.—W-7 Raney nickel (from 125 g. of alloy) was 
added all at once to a solution of 2-acetyl-5-ethylthiophen (24 g.) in methanol (100 c.c.). After 
refluxing for 7 hr. the product gave fractions: (a) octan-2-one (8-5 g.), b. p. 79°/23 mm. [semi- 
carbazone, m. p. 122° (lit., m. p. 122—123°); p-nitrophenylhydrazone, m. p. 92—93° (lit., m. p. 
92—93°)]; (b) 2-acetyl-5-ethylthiophen (9 g.), b. p. 125°/24 mm. [2 : 4-dinitrophenylhydrazone, 
m. p. 192—194° (lit., m. p. 194—194-5°)]; and (c) the residue (0-15 g.) from which a little 
2-acetyl-5-ethylthiophen (0-09 g.) was isolated as its 2: 4-dinitrophenylhydrazone, m. p. 
192—194°. 

Desulphurisation of 3-Acetylthionaphthen.—The desulphurisation of the ketone (30 g.) with 
W-7 Raney nickel (from 125 g. of alloy) was carried out as for acetylethylthiophen. Distillation 
of the product gave: (a) 3-phenylbutan-2-one (15-5 g.), b. p. 111°/23 mm. [semicarbazone, m. p. 
171° (lit., m. p. 172—173°); 2: 4-dinitrophenylhydrazone, orange prisms, m. p. 175—176° 
(chloroform-ethanol) (Found: C, 58-3; H, 4-9; O, 19-4. C,,H,,O,N, requires C, 58-5; H, 4-9; 
O, 19-5%)]; (6) a pale green oil (1-5 g.), b. p. 150°/24 mm.; and (c) a pale green oil (8-5 g.), b. p. 
98°/0-1 mm.; and (d) the residue (0-45 g.). Fraction (c) readily solidified and was identified as 
3-acetylthionaphthen. No pure material could be isolated from the residue. 

Desulphurisation of Dibenzothiophen.—A mixture of W-7 Raney nickel (from 65 g. of 
alloy), and dibenzothiophen (12 g.) in ethanol (total volume 100 c.c.) was refluxed for 5 hr. 
The catalyst was collected, washed repeatedly with hot ethanol, the combined solutions 
evaporated and the product distilled, to give diphenyl (9-85 g., 98%), m. p. and mixed m. p. 70°. 
No residue was obtained from the distillation. 

Desulphurisation of y-2-Thienylbutyric Acid—W-7 Raney nickel (from 125 g. of alloy) was 
added all at once to an aqueous solution of y-2-thienylbutyric acid (20 g.) and sodium carbonate 
(2 g.), the total volume being 300 c.c. After 2 hours’ stirring at 90—95° in an open beaker the 
volume was 190 c.c. The mixture was slowly added to excess of hydrochloric acid under a 
condenser, and the resulting solution continuously extracted with ether. Distillation of the 
product gave: (a) n-octanoic acid (11-5 g.), b. p. 165—170°/22 mm. [p-bromophenacy] ester, 
m. p. 67° (lit., m. p. 67°)]; (6) y-2-thienylbutyric acid (3 g.), b. p. 127—130°/0-6 mm. [p-bromo- 
phenacyl ester, m. p. 56-5—57-5° (lit., m. p. 58—59°)]; and (c) the residue (1 g.). The residue 
was taken up in aqueous sodium carbonate (charcoal), reprecipitated; recrystallised from ether, 
sublimed at 200°/23 mm., and recrystallised from concentrated nitric acid. Hexadecane-1 : 16- 
dioic acid (0-05 g.) was obtained as plates, m. p. 123—124° (lit., 124°) (Found: C, 67-4; H, 10-6; 
O, 22-2. Calc. for C,,H,;,0,: C, 67-1; H, 10-6; O, 23-35%). 
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Desulphurisation of Thiophen-2-carboxylic Acid.—This carboxylic acid (10 g.) was desul- 
phurised with W-7 Raney nickel (from 125 g. of alloy) m aqueous sodium carbonate (total 
volume 250 c.c.) as described for y-2-thienylbutyric acid. After 2} hr. the catalyst was filtered 
off and washed with hot aqueous sodium carbonate. The combined filtrates were made up to 
400 c.c. with concentrated hydrochloric acid and set aside overnight. The solid which separated 
(0-39 g.; m. p. 126—128°) recrystallised from concentrated nitric acid, giving sebacic acid, m. p. 
and mixed m, p. 132°. The filtrate was then combined with the solution obtained by treatment 
of the catalyst with hydrochloric acid, and the mixture extracted continuously with ether. 
Evaporation and distillation gave a colourless oil (5-7 g.), b. p. 94°/23 mm., which gave a p-bromo- 
phenacy]l ester, m. p. 62—63° alone or admixed with a specimen from n-valeric acid. No pure 
substance could be isolated from the residue (1 g.) from the distillation. 

Desulphurisation of 8-2-Thenoylpropionic Acid.—(i) In 0-2m-solution. W-7 Raney nickel 
(from 125 g. of alloy) was added all at once to an aqueous solution of 8-2-thenoylpropionic acid 
(10 g.) and sodium carbonate (3 g.), the total volume being 400 c.c. After 2 hours’ stirring at 
90—95° in an open beaker, the mixture was gradually added to excess of hydrochloric acid under 
a condenser. The product, recovered by means of ether and distilled, gave 4-hexanolactone 
(6-2 g.), b. p. 132—134°/22 mm., n?® 1-4420 (lit., b. p. 127°/16 mm., n*® 1-4420) [phenylhydrazide, 
m. p. 107—108° (lit., m. p. 108—108-5°)]. Repeated recrystallisation of the distillation residue 
(1 g.) from benzene-light petroleum at —70° gave (?) 4: 13-dihydroxyhexadecane-1 : 16-dioic 
dilactone (0-150 g.) as leaflets, m. p. 86—88° (Found: C, 68-1; H, 9-25; O, 22-8. C,,H,,O, 
requires C, 68-05; H, 9-3; O, 22-7%). It was insoluble in dilute aqueous sodium carbonate 
and in cold aqueous sodium hydroxide, but dissolved in the latter on warming and was 
reprecipitated unchanged with mineral acid. It was chromatographed in benzene on “ neutral ”’ 
alumina with little loss. In the infrared spectrum (Nujol mull, calcium fluoride prism) it 
gave a single strong absorption band at 5-69 p. 

(ii) In 0-0445M-solution. The reaction as above was repeated except that the initial volume 
was 1350 c.c., and the time of heating 64 hr. Working up as before gave the lactone (5-5 g.), 
b. p. 132—134°/22 mm., and a fraction (0-5 g.), b. p. 140—160°/22 mm., which was partly 
soluble in cold aqueous sodium hydrogen carbonate solution and appeared to be a mixture of 
the lactone and 4-oxo-octanoic acid. The residue from the distillation gave the dilactone 
(0-04 g.) identical with the material described above. 

(iii) Im 0-029M-solution, with deactivated catalyst. 8-2-Thenoylpropionic acid (10 g.) in 
aqueous sodium carbonate (3 g. of carbonate) was added to an aqueous suspension of W-7 
catalyst (from 125 g. of alloy) which had been heated at 90—95° for 1 hr., the total volume of 
the mixture being 21. After 3 hours’ heating at 90—95° with stirring, the catalyst was filtered 
off and washed with hot aqueous sodium carbonate. Acidification with concentrated hydro- 
chloric acid, followed by strong cooling, gave a colourless precipitate (0-36 g.) which was collected 
and recrystallised from ethanol. The resulting 4: 13-dioxohexadecanedioic acid (?) formed 
prisms, m. p. 152—153°, alone or mixed with the specimen previously obtained,* and was 
readily soluble in aqueous sodium hydrogen carbonate. 

The filtrate was combined with the solution obtained by treating the catalyst with excess 
of hydrochloric acid, and the mixture extracted continuously with ether. Distillation of the 
product gave fractions: (a) 4~-hexanolactone (4-5 g.), b. p. 131—133°/22 mm., m*5 1-4420; (b) a 
colourless oil (1-3 g.), b. p. 140—155°/22 mm., largely insoluble in aqueous sodium carbonate; 
(c) a colourless solid (1-25 g.), b. p. 160—165°/22 mm., which crystallised from hexane and had 
m. p. 53—54° alone or mixed with 4-oxo-octanoic acid; and (d) the residue (1 g.) from which 
no crystals could be isolated. 


Microanalyses were carried out by the C.S.I.R.O. Microanalytical Laboratory. We are also 
grateful to Dr. H. J. Rodda for the infrared spectra and to the C.S.I.R.O. for a scholarship 
(to W. H. F.S.). 


UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA. [Received, April 23rd, 1957.) 
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768. Studies with Acetylenes. Part II.* Some Reactions of Grignard 
Reagents with Propargylic Halides. Model Linoleic and Linolenic 
Acid Systems. 

‘ By S. S. Nicam and B. C. L. WEEDon. 


Copper-catalysed condensations of hex-l-ynylmagnesium bromide with 
1-bromohept-2-yne and 1: 4-dichlorobut-2-yne give mainly trideca-5: 8- 
diyne and hexadeca-5: 8: 11-triyne, respectively. These hydrocarbons 
are converted by partial catalytic hydrogenation into the corresponding di- 
and tri-cis-olefins. 

Reaction of mn-butylmagnesium bromide with 1: 4-dichlorobut-2-yne 
gives a mixture of dodec-6-yne, an isomeric diene, and n-octane. 


ALTHOUGH Grignard and Lapayre! reported that condensation of alkynylmagnesium 
halides with allyl bromide gave allylacetylenes, attempts by Nieuwland e¢ al.* to repeat 
these reactions were unsuccessful. However, the American authors found that the desired 
condensation. proceeded smoothly in the presence of small amounts of cuprous chloride 
or other copper salts. This copper-catalysed reaction has since been applied to the 
preparation of 1 : 4-diynes by reaction of acetylenic Grignard reagents with propargyl 
halides.*5 Prior to our use of such condensations in the synthesis of linolenic acid,® 
further examination of the extent and nature of possible side reactions seemed desirable. 
The studies with alk-l-ynyl halides described in Part I 7 were therefore extended to two 
readily available propargyl (alk-2-ynyl) halides, 1-bromohept-2-yne* and 1: 4-di- 
chlorobut-2-yne.® 
CH,-[CH,],-C:C-MgBr +- BrCH,°C:C-[CH.],-CH, —— CH,"[CH,],"C:C-CH,°C:C-[CH,],"CHs 


CH,"[CH,].°CH:CH-CH:CH-C:C-[CH, ],"CH, 
(111) 
Reaction of 1-bromohept-2-yne (I) with hex-l-ynylmagnesium bromide in the presence 


—O/ 


of cuprous chloride gave trideca-5 : 8-diyne (II) in 48% yield (75% based on unrecovered 
bromoheptyne). Spectral examination of the product revealed a low-intensity band at 
270 mu, which suggested the presence of an impurity with a conjugated dienyne chromo- 
phore (ca. 1—2%). This could have arisen from a prototropic rearrangement of the 
tridecadiyne to the isomer (III). No absorption bands attributable to other impurities 
(e.g. allenes, enynes, dienes) were detected. 


CH,-[CH,],-C:CMgBr +. 2MeSO,-O-CH,-C:C-[CH,],-CH, ——» (IT) + CH,[CH,],°C:C-CH,Br + 
(IV) (MeSO,-O),Mg 


Trideca-5 : 8-diyne (II) was also prepared in 78% yield by reaction of hex-l-ynyl- 
magnesium bromide with 2 mol. of hex-2-ynyl methanesulphonate (IV). The product 
had very similar spectral properties to that obtained previously. The non-catalytic 
route from methanesulphonate to | : 4-diynes therefore seems to offer no advantage over 
the catalysed route from propargy] halide as regards purity of product, and has the dis- 


advantage that 2 moles of starting material are required per mole of Grignard reagent. 
* Part I, J., 1954,71704. 

Grignard and Lapayre, Bull. Soc. chim. France, 1928, 43, 141; 1931, 192, 250. 

Danehy, Killian, and Nieuwland, J. Amer. Chem. Soc., 1936, 58, 611. 

Taylor and Strong, ibid., 1950, 72, 4263; Dupont, Dulou, and Lefebvre, Bull. Soc. chim. France, 

1954, 653. 

Gensler and Thomas, ibid., 1951, 73, 4601. 

Walborsky, Davies, and Howton, ibid., p. 2590. 

Nigam and Weedon, /J., 1956, 4049; Chem. and Ind., 1955, 1555. 

Black, Horn, and Weedon, /J., 1954, 1704. 

Johnson, /J., 1946, 1009. 

Raphael and Sondheimer, /J., 1950, 2101. 
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Our subsequent use of both methods to prepare 2 : 5-diynols from 1-2’-tetrahydropyranyl- 
oxyprop-2-yne led to the same conclusion.® 

The condensation of Grignard reagents with 1: 4-dichlorobut-2-yne (V) has been 
studied by Levina and her collaborators. Methylmagnesium bromide gave a mixture of 
hex-3-yne (VI; R= Me) and 2: 3-dimethylbuta-l : 3-diene (VII; R= Me).!° With 
ethyl, n-propyl, and m-butyl Grignard reagents a coupling reaction to give a paraffin 
accompanied the formation of the acetylenic hydrocarbon (VI), but no diene products 
were reported. Coupling and both types of condensation were however observed with 
isopropyl- and isobutyl-magnesium bromide.™4 These various reactions are of the general 
types A, B, and D. 

2RMgBr + CICH,°C:C-CH,CI (V) 


ai B i. 
R°CH,°C:C’CH.R CH,:CR-CR:CH, CH,:C:CR-CH.,R R-R + (C,H,) 
(VI) (VII) 


As the influence of catalysts was not investigated by the Russian workers, the reaction 
with n-butylmagnesium bromide was re-examined. The results are summarised in the 
accompanying Table. All three reactions, A, B, and D occurred simultaneously. The 
addition of cobaltous chloride, known to exert a profound effect on many Grignard 
reactions,” 12 had very little influence in the present case. However the use of cuprous 
chloride *}? markedly increased the yield of dodec-6-yne (VI; R = -Bu) and its diene 
isomer (reactions A and B), without altering appreciably the yield of octane (reaction D). 
The proportion of acetylene to diene was approximately the same in all three experiments. 


Reaction of butylmagnesium bromide with 1 : 4-dichlorobut-2-yne. 


Yield (%) of % of diene 

Authors Catalyst octane dodecyne + diene in mixture * 
RA GEER Setissicvaccecs ~- 33 10 ¢ (?) 
PEOSOME  ecccccssccccsccsccccosss — 27 28 20 
d  disaeiesmnenicbaneicetbets CuCl 25 65 18 
benssesossecstoneseccesooes CoCl, 24 25 15 


* Estimated from the intensity of the ultraviolet light absorption at 229 my, FE}%,, 1300 being 
assumed for the diene. 
+ Yield of crude product ca. 25%. 


Levina et al.1° attribute the formation of dimethylbutadiene in the methylmagnesium 
bromide reaction to an initial rearrangement of 1 : 4-dichlorobuta-1 : 3-diene into 3 : 4-di- 
chlorobuta-1 : 2-diene (VIII) and 2: 3-dichlorobuta-1 : 3-diene (IX) : 


(VIII) CH,:C:CCI-CH,C! CH,:CCI-CCICH, (IX) 


It seems to us more probable that the diene hydrocarbons (VII) arise from an “ abnormal ”’ 
y-attack of the Grignard reagent at both ends of the dichlorobutyne molecule. Abnormal 
attack at one end only would give an allene (reaction C), which might then rearrange to a 
conjugated diene (e.g. CHy;CH*CR:CHR). It is significant that infrared examination of 
our condensation products indicated the presence of allenes. 

In order to prepare a methylene-interrupted triyne, the reaction of 1 : 4-dichlorobut- 
2-yne with acetylenic Grignard reagents was also examined. A copper-catalysed con- 
densation with 2 mol. of hex-1-ynylmagnesium bromide gave hexadeca-5 : 8 : 11-triyne (X) 


10 Levina, Shabarov, and Shvarchenko, Zhur. obshchei Khim., 1950, 20, 294. 

11 Levina and Shabarov, Doklady Akad. Nauk, 1952, 84, 509; Levina, Ershov, and Shabarov, Zhur. 
obshchet Khim., 1953, 28, 1124; cf. Johnson, loc. cit. 
12 Kharasch e/ al.; cf. Hey, Ann. Reports, 1944, 41, 195; 1948, 45, 160. 
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in only 10% yield, but by using 3-5 mol. of the Grignard reagent the yield was raised to 55%. 
From a similar reaction with 3 mol. of the dichlorobutyne the intermediate 1-chlorodeca- 
2: 5-diyne (XI) was isolated in 40% yield. The light absorption properties of the 
hexadecatriyne indicated that traces of allene, diene, and/or enyne impurities were 
present. Catalytic hydrogenation gave m-hexadecane. The condensation of hexynyl- 
magnesium bromide with dichlorobutyne had therefore proceeded almost entirely by 
reaction A, though reactions B and C had occurred to a very small extent. 


(X) CHy[CH,],°C?C-CH,°CC-CH,°C:C-[CH,]},°CH, CH,[CH,],°C?C°CH,°C3C-CH,CI (XI) 
CH,*[CH,],"CH:CH-CH,°CH:CH-[CH,],"CH, CH,*[CH,],°CH:CH-CH,°CH:CH-CH,CH:CH-[CH,],°CH, 
(XII) (XIII) 


Attempts to prepare triynes by condensations of dichlorobutyne with the Grignard 
reagents of phenylacetylene and 2-non-8’-ynyl-1 : 3-dioxolan were unsuccessful; apart 
from polymeric material, the only products detected were conjugated diacetylenes (ca. 7 
and 25%, respectively) formed by the coupling reaction C. These results are surprising 
as the former Grignard reagent condenses normally with allyl bromide * and 1 : 4-dibromo- 
but-trans-2-ene,}* and the latter with 1-bromohept-2-yne 5 and 1-bromohepta-2 : 5-diyne.® 

In connection with the preparation of compounds containing the unsaturated systems 
of linoleic and linolenic acids, the partial reduction of trideca-5 : 8-diyne and hexadeca- 
5: 8: 11-triyne to the corresponding di- and tri-cis-olefins was of interest. Hydrogenation 
in hexane solution over Lindlar’s catalyst 44 was accompanied by appreciable polymeris- 
ation, but gave the required olefins in 55 and 76% yields, respectively. Small amounts of 
impurities in the products were detected spectrally, but the reductions were satisfactorily 
selective and stereospecific. The products were characterised by formation of the tetra- 
bromide and hexabromide, respectively. Complete reduction of the tridecadiene gave 
tridecane. 

When the investigations outlined in this paper were nearing completion Gensler and 
Mahadevan ?® reported the preparation of trideca-5: 8-diyne from 1-bromohept-2-yne 
and hexynylmagnesium bromide. Subsequently they described the preparation of 
hexadeca-5 : 8: 11-triyne by the condensation of 1 : 4-dibromobut-2-yne and 1-bromo- 
hept-2-yne with the Grignard reagent of hexyne and nona-l : 4-diyne, respectively.® 
The properties of their products are in good agreement with those given here. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block and are corrected. 

All operations with unsaturated compounds were carried out in an inert atmosphere. 

Before use, the solutions of Grignard reagents were decanted from the excess of magnesium 
employed in their preparation. 

Catalytic hydrogenations were carried out at atmospheric pressure. The discrepancies 
between the observed hydrogen absorption and the calculated values are attributed to partial 
polymerisation of the unsaturated compounds in the presence of the catalyst. 

Trideca-5 : 8-diyne (II).—(a) From 1-bromohept-2-yne.4 WHex-l-yne (5-14 g.) in ether 
(20 c.c.) was added to ethylmagnesium bromide (from 1-4 g. of magnesium and 6-2 g. of ethyl 
bromide) in ether (50 c.c.). The mixture was stirred and boiled under reflux for 3 hr. and then 
cooled. Cuprous chloride (0-25 g.) was added to the stirred mixture and then, after 15 min., 
1-bromohept-2-yne * (10 g.) in ether (30 c.c.) added slowly. The mixture was stirred at 
20° for 3 hr. and then under reflux for 16 hr.; it was then cooled, and cold (0°) 2n-hydrochloric 
acid was added. The product was extracted with ether and the extract was washed with water, 
dried (Na,SO,), and evaporated. Distillation of the residue gave (i) 1-bromohept-2-yne (3-5 g.) 


13 Black and Weedon, unpublished results. 

4 Lindlar, Helv. Chim. Acta, 1952, 35, 446. 

15 Gensler and Mahadevan, J. Amer. Chem. Soc., 1955, 77, 3076. 
16 Idem, ibid., 1956, 78, 167. 
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and (ii) trideca-5 : 8-diyne (4-8 g.), b. p. 60—62°/10-* mm., n?* 1-4640 (Gensler and Mahadevan #5 
give b. p 63°/0-06 mm., ”? 1-4615). Ultraviolet light absorption: maximum 270 my, 
Et%, 14 (trace of dienyne). Infrared light absorption: maximum, 4-48 » (C=C); no allene 
band. 

Very similar results were obtained in another experiment with cuprous bromide as catalyst. 

(b) From hept-2-ynyl methanesulphonate.* An ethereal solution (70 c.c.) of hexynylmagnes- 
ium bromide, prepared as described above from magnesium (0-7 g.), ethyl bromide (3-7 g.), and 
hex-1-yne (2-8 g.), was added slowly during 2 hr. to a well-stirred boiling solution of hept-2-ynyl 
methanesulphonate (13 g.) in ether (50 c.c.). The resulting suspension was heated under 
reflux for a further 14 hr. and then cooled. 2N-Sulphuric acid was added and the product was 
isolated with ether in the usual way. Distillation gave (i) 1-bromohept-2-yne (4-4 g.) and (ii) 
trideca-5 : 8-diyne (4-3 g.), b. p. 66—70°/10 mm., n? 1-4640. Ultraviolet light absorption: 
maxima, 260 and 270 mu, E{%, 25 and 25 (dienyne impurity). Infrared light absorption: 
4-46 (C=C), 5-82 and 5-92 u (C—O impurity); no allene band. 

Trideca-5 : 8-diene (XII).—A solution of trideca-5 : 8-diyne [4-2 g.; from either (a) or (5) 
above] in »-hexane (50 c.c.) was shaken in hydrogen in the presence of Lindlar’s ™ catalyst 
(4-0 g.) until the rate of absorption became very slow (hydrogen taken up, 888 c.c. at 22°/768 
mm.). Removal of catalyst and solvent and distillation of the residue gave trideca-5 : 8-diene 
(2-3 g.), b. p. 4446°/10~ mm., n? 1-4470 (Found: C, 86-1; H, 12-6. C,,H,, requires C, 86-65; 
H, 13-35%). Hydrogen number: 96-5, equivalent to 1-9 double bonds. Ultraviolet light 
absorption: max., 227 my, E}%, 32 (ca. 3% of conjugated diene). Infrared light absorption: 
max., 6-05 (cis C=C) and 10-33 u (trace trans-C-C). 

A solution of bromine in ether (3 vol.) was added dropwise to a weill-stirred and cooled (0°) 
solution of trideca-5 : 8-diene (0-2 g.) in ether (5 c.c.) until the colour of bromine persisted. 
The mixture was kept at 0° overnight, and the solid (m. p. 96°) then collected and washed with 
cold ether. Recrystallisation from ethyl acetate gave one stereoisomer of the tetrabromide as 
plates (65 mg.), m. p. 101° (Found: ©, 31-7; H, 5-1; Br, 62-1. C,,;H,,Br, requires C, 31-2; 
H, 4-8; Br, 64.0%). The dienes obtained by partial reduction of both samples of trideca-5 : 8- 
diyne gave the same tetrabromide, m. p. and mixed m. p. 101°. 

A solution of trideca-5 : 8-diene (1-0 g.) in ethyl acetate (20 g.) was shaken in hydrogen in 
the presence of Adams’s catalyst until absorption was complete (193 c.c. at 22°/760 mm.). 
Removal of catalyst and solvent and distillation of the residue gave n-tridecane (0-75 g.), 
b. p. 118—120°/17 mm., n3# 1-4255 (Egloff 1” gives b. p. 119°/18 mm., nm? 1-4256). 

Reaction of Dichlorobutyne with Butylmagnesium Bromide.—(a) Without catalyst. A solution 
of 1: 4-dichlorobut-2-yne (11-1 g.) in ether (10 c.c.) was added slowly to butylmagnesium 
bromide (from 8-0 g. of magnesium and 41-1 g. of m-butyl bromide) in ether (150 c.c.). The 
mixture was stirred at 20° overnight and then under reflux for 8 hr. The mixture was cooled 
and ice and 2n-hydrochloric acid were added. Isolation of the product with ether, and distil- 
lation, gave (i) m-octane (4-6 g.), b. p. 54 -60°/60 mm., 3° 1-3990, and (ii) a mixture (4-2 g., 28%) 
of dodec-6-yne and an isomeric diene, b. p. 86—90°/12 mm., n¥ 1-4450. Ultraviolet light 
absorption: max., 229 mu, E}%*, 260. Infrared light absorption: max., 4-46 (C=C), 5-08 
(C=C=C), 5-60, 11-23 (CH,=C), 6-15 and 6-27 u (conjugated CH,=C). 

(b) With cobaltous chloride catalyst. Repetition of the preceding experiment after addition 
of cobaltous chloride (0-75 g.; dried at 150° in vacuo) to the Grignard solution gave (i) m-octane 
(4-1 g.), b. p. 45—50°/50 mm., n? 1-3990, and (ii) a mixture (3-8 g.) of dodec-6-yne and an 
isomeric diene, b. p. 84—90°/12 mm., n3! 1-4400. Light absorption: very similar to that of 
the specimen from (a). 

(c) With cuprous chloride catalyst. Repetition of the above condensation after substitution 
of cuprous chloride (0-75 g.) for the cobaltous chloride gave (i) -octane (4-2 g.), b. p. 46—50°/50 
mm., »% 1-4000, and (ii) a mixture (9-75 g.) of dodec-6-yne and an isomeric diene, b. p. 86— 
88°/12 mm., nf 1-4415 (Found: C, 86-7; H, 13-6. Cale. for C,,H,,: C, 86-65; H, 13-35%). 
Hydrogen number: 82-9, equivalent to 2 double bonds. Light absorption: very similar to 
that of the specimen from (a). 

Condensation, catalysed by cuprous chloride, of -butylmagnesium bromide with 3 mol. 
of 1: 4-dichlorobut-2-yne gave 1-chloro-oct-2-yne (11%), b. p. 44—50°/0-1 mm., n® 1-4610 
(Found: C, 66-35; H, 8-9; Cl, 24-6. Calc. for C,H,,Cl: C, 66-45; H, 8-9; Cl, 24-6%). 
Hydrogen number: 50-7, equivalent to 2-9 double bonds. Ultraviolet light absorption: 
max., 215 and 250 mp, E}%, 100 and 10, respectively. Infrared light absorption: max., 5-08 
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(allene impurity) and 11-14 » (conjugated CH,:C impurity) (Raphael and Sondheimer ® give 
b. p. 40—41°/0-5 mm., n% 1-4590). 

Hexadeca-5 : 8: 11-triyne (X).—1: 4-Dichlorobut-2-yne ® (11-3 g.) in ether (25 c.c.) was 
added dropwise to a well-stirred and cooled ethereal solution (150 c.c.) of hexynylmagnesium 
bromide (3 mol.; prepared as described above from 8-0 g. of magnesium, 32-7 g. of ethyl bromide, 
and 25 g. of hex-l-yne) containing cuprous chloride (0-75 g.). The mixture was stirred at 20° 
overnight and then under reflux for 24 hr. The mixture was cooled, and ice and 2N-hydro- 
chloric acid were added. Isolation of the product in the usual way with ether gave hexadeca- 
5:8: 1l-triyne (10-6 g.), b. p. 98—102°/10* mm., ni? 1-4860 (Found: C, 89-75; H, 10-3. 
Calc. for C,,H,.: C, 89-65; H, 10-35%). (Gensler and Mahadevan ** give b. p. 100—103°/0-05— 
0-08 mm., #?° 1-4819.) Ultraviolet light absorption max., 227 and 236 my, E{%, 48 and 35, 
respectively (trace of conjugated diene or enyne). Infrared light absorption indicated a trace 
of allenic impurity. Active hydrogen (LiAJH,): the triyne (224 mg.) gave 2-5c.c. of hydrogen 
at 18°/764 mm., equivalent to 1-76 active hydrogens per mole. 

On using 2 mol. of either hexynylmagnesium bromide or hexynyl-lithium in the condens- 
ation with dichlorobutyne, the yield of hexadecatriyne was only 10—12%. 

A solution of hexadeca-5: 8: 11l-triyne (1-8 g.) in ethyl acetate (50 c.c.) was shaken in 
hydrogen with Adams’s catalyst until absorption was complete (991 c.c. at 19°/769 mm.). 
Removal of catalyst and solvent and distillation of the residue gave m-hexadecane (1-4 g.), b. p. 
88°/0-2 mm., n? 1-4345, m. p. 18° (Egloff 1” gives b. p. 50°/0-0176 mm., n} 1-43448, m. p. 18-13°). 

Repetition of the reaction with dichlorobutyne described above, after substituting phenyl- 
acetylene for hexyne, gave none of the expected triyne; diphenylbutadiyne, m. p. and mixed 
m. p. 86—87°, was isolated in 7% yield from the polymeric product. Similarly none of the 
expected triyne could be detected after attempts to condense dichlorobutyne, or dibromobutyne, 
with the Grignard reagent of 2-non-8’-ynyl-1 : 3-dioxolan * in tetrahydrofuran; reduction of 
the crude products gave (25 and 1% overall yields, respectively) 1: 18-bis-1’ : 3’-dioxolan-2’- 
yloctadecane, b. p. 155—165° (bath temp)/10“ mm., m. p. 79° [from light petroleum (b. p. 
40—60°)] (Found: C, 72-35; H, 11-75. C,,H,,O, requires C, 72-3; H, 11-65%). The same 
material, m. p. and mixed m. p. 79°, was obtained in poor yield after reduction of the crude 
product from oxidative coupling of the Grignard reagent of 2-non-8’-ynyl-1 : 3-dioxolan with 
iodine in the presence of cuprous chloride.’ 

Hexadeca-5 : 8 : 11-triene (XIII).—A solution of hexadeca-5 : 8 : 11-triyne (5-1 g.) in n-hexane 
(100 c.c.) was shaken in hydrogen in the presence of Lindlar’s catalyst ™ (5 g.) until there was a 
marked decrease in rate of absorption; the reaction was then interrupted (hydrogen taken up: 
1538 c.c. at 15°/732 mm., equivalent to 2-7 mol.). Removal of catalyst. and solvent, and 
distillation of the residue, gave hexadeca-5 : 8 : 11-triene (4-0 g.), b. p. 74—78°/ 107 mm., nj? 
1-4660 (Found: C, 86-7; H, 12-5. (C,,H.s, requires C, 87-2; H, 12-8%). Hydrogen number: 
69-1, equivalent to 2-8 double bonds. Ultraviolet light absorption: max. 229 my; Ej‘%S, 60 
(trace of conjugated diene). 

In small-scale experiments with ethyl acetate as solvent no evidence of selective reduction 
of the triyne was obtained; the addition of a small amount of quinoline (cf. Lindlar 1) inhibited 
the reaction almost completely. 

Treatment of hexadeca-5 : 8: 11-triene (3-4 g.) in ether (75 c.c.) with ethereal bromine, in 
the manner described above for trideca-5 : 8-diene, yielded a solid (0-75 g.). Crystallisation 
from ethyl acetate gave one stereoisomer of the hexabromide as needles, m. p. 190-5° (Found: 
C, 27-8; H, 4-2; Br, 68-4. C,,H,,Br, requires C, 27-45; H, 4-0; Br, 68-6%). 

1-Chlorodeca-2 : 4-diyne (X1).—1 : 4-Dichlorobut-2-yne (88-6 g.; 3 mol.), hexynylmagnesium 
bromide (from 6-4 g. of magnesium and 20 g. of hex-l-yne), and cuprous chloride (0-5 g.) reacted 
in ether (100 c.c.) as described for the preparation of hexadeca-5: 8: 1l-triyne. Isolation of 
the product in the usual way gave (i) 1 : 4-dichlorobut-2-yne (57-3 g.) and (ii) 1-chlorodeca-2 : 4- 
diyne (14-7 g.), b. p. 66—70°/10 mm., n#? 1-4920 (Found: C, 71-2; H, 8-1; Cl, 21-0. C,9H,,Cl 
requires: C, 71-2; H, 7-7; Cl, 21-1%). Ultraviolet light absorption: maximum, 227 mu, 
E}%,, 60 (trace of conjugated enyne or diene). 

A solution of the chlorodecadiyne (5-6 g.) and ethyl sodiomalonate (from 0-8 g. of sodium and 
6-1 g. of ethyl malonate) in alcohol (65 c.c.) was stirred at 20° overnight and then under reflux 
for 4hr. Isolation of the product, and catalytic hydrogenation in ethyl acetate over Adams’s 
catalyst, gave ethyl decylmalonate (1-2 g.), b. p. 80—82°/10 mm., n?? 1-4360 (Wallingford, 
17 Egloff, “‘ Physical Constants of Hydrocarbons,” Vol. V, Reinhold Publ. Corp., New York, 1953. 
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Homeyer, and Jones ?* give b. p. 130—132°/1-5 mm., n? 1-4341). Hydrolysis with alkali 
yielded (80%) decylmalonic acid, m. p. 118—119°, undepressed on admixture with a specimen 
prepared from decyl bromide (idem }* give m. p. 118—119-5°). 


Microanalyses and spectral measurements were carried out in the microanalytical (Mr. F. H. 
Oliver) and spectrographic laboratories (Mrs. A.I. Boston, Mr. R. L. Erskine) of this 
Department. One of the authors (S. S. N.) thanks the University of Saugar, India, for study 
leave. 


DEPARTMENT OF CHEMISTRY, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SouTH KENSINGTON, LONDON, S.W.7. (Received, May 23rd, 1957.] 


18 Wallingford, Homeyer, and Jones, J. Amer. Chem. Soc., 1941, 68, 2056. 


769. The Thermal Dissociation of Calcium Hydroride. 
By P. E. HALsteap and A. E. Moore. 


Measurements are reported of the equilibrium pressure of the reaction 
CaO + H,O =— Ca(OH), which, with those of previous workers, show that 
it reaches 760 mm. at 512° c, and that the average heat of reaction over the 
range 300—510° is 24-9 kcal./mole. 


THE temperature at which the dissociation pressure of calcium hydroxide reaches 760 mm. 
has often been measured. Le Chatelier! found it to be 450°, Johnston ? 547°, Dragert ® 
510° (by extrapolation from about 440°), and Tamaru and Siomi‘* 513°. Tamaru and 
Siomi showed that Johnston’s result is too high because he considered dissociation only 
whereas the reaction CaO + H,O == Ca(OH), approaches equilibrium very slowly at low 
temperatures and measurements should be made from both directions, i.e., dissociation and 
association. 547° is still widely quoted.®> We now report attempts to resolve these 
conflicting results as a preliminary to a study of dissociation of the calcium silicate hydrates. 


EXPERIMENTAL 


Fig. 1 shows the apparatus, which is similar to that used by Johnston? except that the 
specimen tube is horizontal instead of vertical and there is an additional tap (F) which allows 
moist air to be drawn over the sample for rehydration with a mercury trap which avoids leaving 
unheated space in which the water vapour could condense, yet keeps the tap cool. 

The system is evacuated with tap F closed and mercury-sealed. The whole apparatus is 
then tilted to run mercury from the bulb into the small manometer (B); this isolates the 
specimen and its atmosphere in the part of the apparatus inside the steam-jacket (C) but allows 
the pressure to be measured on the large manometer (A), provided that the small manometer is 
balanced by letting in air at tap (G) or adjusting the height of the mercury reservoir. The 
experiment comprised: (1) preparation of the calcium oxide by decomposing spectroscopically 
pure calcium carbonate in the apparatus; (2) hydration of the calcium oxide to calcium 
hydroxide im situ; (3) measurements of equilibrium pressure of the reaction between 300° 
and 510°. 

The calcium carbonate was converted into calcium oxide by heating it to 950° and evacuat- 
ing the apparatus to about 0-05 mm. The small heater (E) which was used for this could be 
interchanged with the main thermostatically controlled heater (D), without opening the 
apparatus to air, by sliding the heaters. The calcium oxide was hydrated by drawing moist 
carbon dioxide-free air through the apparatus from the tap (F). The main heater was wound 
on a thick copper cylinder, of 18 mm. bore and 43 mm. diameter and 106 mm. long, which just 


1 Le Chatelier, Compt. rend., 1886, 102, 1243. 

2 Johnston, Z. phys. Chem., 1908, 62, 330. 

% Dragert, Dissertation, Berlin, 1914. 

* Tamaru and Siomi, Z. phys. Chem., 1932, 161, A, 421. 

5 Lea and Desch, ‘‘ Chemistry of cement and concrete,”” Arnold, London, 1956, p. 34; Dreyfus, ‘‘ La 
chimie des ciments,”’ Editions Eyrolles, Paris, 1950, Vol. I, p. 68; Kiihl, “‘ Zement Chemie,” Verlag 
Technik, Berlin, 1952, Vol. 2, p. 37. 
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fitted over the quartz tube, and was supplied by a double “ Variac’’ transformer. Temper- 
atures were measured with a Pt/Pt-13%Rh thermocouple of 36 S.W.G. (0-2 mm. diameter) 
wire which had 15 cm. each side of the hot junction wound into a “ coiled coil,”” about 20 mm. 
long, embedded in the specimen. The thermocouple was new at the beginning of the experi- 
ment; at the end it was checked against a new Pt/Pt-10%Rh couple at the b. p. of benzo- 
phenone (305°) and both indicated the same temperature (according to the maker’s calibration) 
to within less than 0-5°. 

The e.m.f. of the thermocouple was measured with a slidewire potentiometer. The galvan- 
ometer used with this controlled the temperature: by means of a photocell and semi-silvered 
mirror inside the galvanometer the light spot operated a relay, switching between two selected 


Fic. 1. Apparatus for measurement of dissociation pressure. 
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values of heating current for each temperature. These values were adjusted to give a temper- 
ature cycle of amplitude not more than 1° c and period 3}—4 min. The heat capacity of the 
copper block resulted in an effectively sinusoidal time-temperature curve for the specimen. 

A cathetometer was used to measure pressure difference on the manometer (A) and to check 
the levels of the manometer (B). 

Method.—After preliminary preparation and hydration of the calcium oxide specimen the 
apparatus was evacuated rapidly to 0-1 mm. or less and the temperature of both specimen and 
steam-jacket raised to ca. 100° to desorb gases from the glassware. After mercury was tilted 
into the manometer (B) pumping was continued for } hr., and if no difference in level could then 
be detected in (B) the experiment proceeded. The temperature of the specimen was raised 
until a small pressure difference appeared, and the potentiometer-controller was then set to 
maintain this temperature and the small manometer arms balanced by stopping the vacuum 
pump, admitting a little air, and adjusting the height of the large mercury reservoir. The pres- 
sure was then read on the large manometer. The pressures were balanced and measured until 
equilibrium was reached. This took several hours or even days for the lower temperatures but 
a sample which had undergone several dehydration—hydration cycles reached equilibrium much 
more rapidly. After a series of measurements had been made, the apparatus was left with moist 


Temp. (°K) Pressure (mm.) Temp. (°K) Pressure (mm.) Temp. (°K) Pressure (mm.) 
(D) 635° 19-0 (D) 683° 81-7 (E) 754° 418-0 
(A) 635 24-0 (D) 707 140-0 (E) 767-5 548-0 
(D) 665 50-5 (A) 707 143-5 (E) 772 630-0 
(A) 680 75-6 (D) 731 241-0 (E) 776-5 671-0 
(D) 681 79-7 (A) 731 246-8 


(D) Dissociation, (A) association, (E) equilibrium. 
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carbon dioxide-free air flowing over the specimen. Opening tap (F) allowed the mercury to flow 
back from the small manometer into the bulb. A water-pump in place of the vacuum-pump 
provided a small steady flow of air through the apparatus. 

Results.—Measurements were repeated from both directions—asssociation and dissociation— 
for eight temperatures in the region 350—500°c. The results are shown in the Table and Fig. 2. 
Fig. 2 shows log p plotted against the 
reciprocal of absolute temperature T in /000 
accordance with the van’t Hoff equation \ 
log. Kp = —AH/RT + constant, from which %9 
the temperature at which the equilibrium aN 
pressure is 760 mm. is 511° c. \ 

The standard deviation (parallel to the r \ 
1/T axis) of the points about the line i 
corresponds, at 760 mm., to about +3-0° (it 
is only +1-0° at the lower temperatures 
owing to the reciprocal temperature scale). 
A similar calculation was made on Tamaru 
and Siomi’s results which showed only 
1-8° standard deviation at 760 mm. 

The errors are probably in the 
temperature rather than the pressure L 
measurements. Although particular care. « 
was taken to immerse the thermocouple r x 
in the specimen, the reading is unlikely 
to be more accurate than +1-0°. The 
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cycling of the temperature due to the 7 13 : 


thermostat may also be responsible for = y, ms 
a further error of about 1-0°. Errors in 10/T 
pressure measurement are most likely to Fic. 2. Relation between log p and temperature. 
be due to sticking of the mercury in the x Dissociation, @ association, © equilibrium. 
small manometer or differences in meniscus 
on a rising and a falling column; this was not more than 0-25 mm., which corresponds to a 
temperature error of less than 0-2° at 511°c. As Tamaru and Siomi used a weighing method 
their thermocouple was not immersed in the specimen, but they used a closed-end furnace which 
probably gave more stable conditions; they regarded their temperatures as accurate to +1-0°. 

The average heat of reaction (AH) for the temperature range 300—510° c was also calculated 
from the slope of the line in Fig. 2, and was found to be 24-9 kcal./mole. 

The results of this investigation confirm Tamaru and Siomi’s work and suggest that a figure 
of 512° would be the best estimate of the dissociation temperature of calcium hydroxide. The 
figure of 547° should definitely be rejected. 


CEMENT AND CONCRETE ASSOCIATION, 
Stoke PoGegs, SLtouGH, Bucks. [Received, February 18th, 1957.] 
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770. A Series of w-Dimethylaminoalkylphenols. 
By J. P. Brown and E. B. McCALL. 


The first four members of the series 4-chloro-2-(«#-dimethylamino-n-alky])- 
3 : 5-dimethylphenol have been prepared. 


It was desired to study the effect on germicidal properties of introducing a quaternary 
nitrogen atom into a phenolic germicide, using n-alkylene groups of various lengths to 
separate the nitrogen atom from the phenol nucleus. 4-Chloro-3 : 5-dimethylphenol was 
chosen as the phenol, on account of its ease of preparation and high germicidal activity. 
The more active 2 : 4-dihalogenated phenols were not used, as 2 : 4 : 6-trisubstitution leads 
to a marked loss of activity against many micro-organisms. 

Apart from the dimethylaminomethyl compounds,! few phenols substituted by a 
1 B.P. 458,033/1936. 
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straight alkyl chain with a tertiary nitrogen atom on the terminal carbon atom have been 
described. von Braun 2 prepared the higher homologues of hordenine, 4-2’-dimethylamino- 
ethylphenol, with three, four, and five carbon atoms in the alkylene chain, using starting 
materials obtained by degradation of piperidine derivatives. The ortho-isomer of 
hordenine has also been prepared by von Braun.” 

We have prepared 4-chloro-2-dimethylaminomethyl-3 : 5-dimethylphenol by the 
Mannich reaction. For the three higher homologues the successful routes involved the 
reduction of the dimethylamide of an w-carboxyalkyl derivative. 

The 2-dimethylaminoethyl analogue was made by chloromethylation of 4-chloro-3 : 5- 
dimethylanisole, conversion into the cyanomethyl compound, hydrolysis to the phenyl- 
acetic acid, then reduction of the dimethylamide of this acid by lithium aluminium hydride, 
followed by demethylation. An attempt to prepare 4-chloro-2-chloroacetyl-3 : 5-dimethyl- 
phenol (for conversion into 4-chloro-2-dimethylaminoacetyl-3 : 5-dimethylphenol) by Fries 
rearrangement of 4-chloro-3 : 5-dimethylphenyl chloroacetate failed, cyclisation to the 
coumaranone taking place. 4-Chloro-2-dimethylaminoacetyl-3 : 5-dimethylanisole was 
then prepared but Wolff—Kishner reduction of this ketone failed. An attempt to prepare 
the phenylacetic acid by an azlactone synthesis from 4-chloro-2-formyl-3 : 5-dimethyl- 
phenol also failed, cyclisation to the acetamidocoumarin occurring (cf. Shaw, McMillan, and 
Armstrong *). Application of the azlactone synthesis to 4-chloro-2-formyl-3 : 5-dimethyl- 
anisole was then considered, but the yield of the latter was very low. 

The 3-dimethylaminopropy] analogue was prepared from the @-arylpropionic acid made 
by decarboxylation of the benzylmalonic acid obtained from the chloromethylated anisole. 
Here, also, preparation via the dimethylaminoacyl derivative was attempted, but the 
8-chloropropionate of 4-chloro-3 : 5-dimethylphenol also cyclises under Fries rearrange- 
ment conditions, the product being identical with the chromanone prepared from ethyl 
8-(4-chloro-3 : 5-dimethylphenoxy)propionate. 

The 4-dimethylaminobuty] analogue was prepared from the y-arylbutyric acid obtained 
by Clemmensen reduction of the reaction product of 4-chloro-3 : 5-dimethylanisole and 
succinic anhydride. In a minor variation, the y-arylbutyric acid was demethylated before 
conversion into the dimethylamide and subsequent reduction. It was here noticed that 
demethylation with hydriodic acid removed the nuclear chlorine atom and pyridine hydro- 
chloride was afterwards used for all demethylations. Reduction of the methoxy-acid (after 
esterification) to the 4-arylbutanol was also carried out. Demethylation of this by pyridine 
hydrochloride is accompanied by introduction of a pyridinium quaternary nitrogen atom on 
the terminal carbon atom of the alkyl chain. Demethylation of this alcohol by hydro- 
bromic acid failed, the only reaction being formation of the bromide. 

4-Chloro-2-dimethylaminomethy]-3 : 5-dimethylphenol readily formed a crystalline 
quaternary salt with methyl iodide but not with benzyl chloride. Its 3-dimethylamino- 
propyl homologue did not readily form a crystalline salt with either reagent. The 2-di- 
methylaminoethyl and 4-dimethylaminobutyl derivatives, however, form crystalline 
derivatives rapidly with both these halides. This alternation, which is presumably due to 
variation of the degree of interaction between the nitrogen atom and the phenolic hydroxyl 
group, is reflected in the melting points of the four amines. 

These amines and their quaternary salts showed poor to moderate antibacterial 
activity in vitro, the activity increasing with the length of the alkyl group. The test 
organisms were B. mycoides, S. aureus, and B. coli. 


EXPERIMENTAL 


4-Chloro-2-dimethylaminomethyl-3 : 5-dimethylphenol.—4-Chloro-3 : 5-dimethylphenol (31-2 
, dimethylamine (60 ml.; 15% aqueous solution), and water (30 ml.) were stirred at 20°. 


oR 


2 yon Braun and Deutsch, Ber., 1912, 45, 2504. 
3% von Braun, ibid., 1910, 48, 2837. 
* Shaw, McMillan, and Armstrong, J. Org. Chem., 1956, 21, 601. 
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Aqueous formaldehyde (15 g.; 40%) was run in during 15 min., a slight temperature rise occurr- 
ing. After 2 hours’ stirring, the mixture was heated for 1 hr. at 95°. After cooling, the sticky 
solid was filtered off, purified by reprecipitation from dilute acid, and isolated in ether. The crude 
base (40-5 g.) recrystallised from methanol (50 ml.) as needles (35-3 g.), m. p. 65—66° (Found: 
C, 61-3; H, 7-6. C,,H,,ONCl requires C, 61-8; H, 7-5%). 

3-Chloro-6-methoxy-2 : 4-dimethylbenzyl Chloride——A mixture of 4-chloro-3 : 5-dimethyl- 
anisole (17 g.), paraformaldehyde (3-5 g.), and 32% hydrochloric acid (50 ml.) was shaken for 
48 hr. at 22°. The sticky chloride (18-4 g.) was filtered off, washed with water, and crystallised 
from light petroleum (b. p. 60—80°), forming prisms (15-7 g.), m. p. 91—92° (Found: C, 54-8; 
H, 5-4. C,9H,,OCI, requires C, 54-4; H, 5-4%). 

3-Chlovo-6-mcethoxy-2 : 4-dimethylbenzyl Cyanide.—The foregoing benzyl chloride (6-6 g.) in 
hot ethanol (7 ml.) was added to boiling water (2 ml.) containing sodium cyanide (2 g.). The 
mixture was boiled for 2 hr., then diluted with water, and the reddish, sticky cyanide (6-1 g.) 
filtered off, washed with water, and crystallised from light petroleum (b. p. 60—80°), forming 
off-white needles (3-6 g.), m. p. 120—122° (Found: C, 63-0; H, 5-8. C,,H,,ONCI requires C, 
63-0; H, 5-7%). 

3-Chlovo-6-methoxy-2 : 4-dimethylphenylacetic Acid.—The cyanide (2-2 g.) was boiled for 
1} hr. with acetic acid (3 ml.), concentrated sulphuric acid (3 ml.), and water (3 ml.). A clear 
solution was obtained at one stage of the heating but two phases later separated. On addition 
of water (10 ml.), the arylacetic acid (2-2 g.) readily solidified. It formed stout prisms (from 
toluene), m. p. 164—166° (Found: C, 57-7; H, 5-5. C,,H,,0,Cl requires C, 57-7; H, 5-5%). 

3-Chloro-6-methoxy-2 : 4-dimethylphenyl-NN-dimethylacetamide.—The above acid (2-3 g.) was 
heated with thionyl chloride (5 ml.) in boiling benzene (20 ml.) for 1 hr. The residue after 
removal of benzene and excess of chloride was added in benzene (10 ml.) to dimethylamine 
solution (15 ml.; 12% in benzene). After 16 hr. water was added. Crystallisation of the 
residue (2-6 g.) from the benzene layer from light petroleum (b. p. 60—80°) gave the dimethyl- 
amide as prisms, m. p. 130—131° (Found: C, 61-4; H, 7-1. C,,;H,gO,NCl requires C, 61-1; H, 
7-0%). 

4-Chlovo-2-2’-dimethylaminoethyl-3 : 5-dimethylphenol.—The above dimethylamide (1-9 g.), 
in partial solution in ether (50 ml.) was added to lithium aluminium hydride (0-32 g.) in ether 
(25 ml.). After 1 hr. at room temperature the mixture was boiled for a further hour, then 
decomposed with 2% aqueous sodium hydroxide (9 ml.)._ The oily amine (2 g.) was isolated by 
means of ether. 

The amine (1-5 g.) was heated at 180—190° for 3 hr. with pyridine hydrochloride (5 g.). 
10% Aqueous sodium carbonate (50 ml.) was then added and the sand-coloured solid (1-3 g.), 
m. p. 90—120°, filtered off and recrystallised from light petroleum (b. p. 60—80°), to give 
4-chloro-2-2’-dimethylaminoethyl-3 : 5-dimethylphenol (0-7 g.). It formed large, off-white prisms, 
m. p. 130—132°, from aqueous methanol (Found: C, 62-7; H, 7-6. C,,.H,,ONCI requires C, 
63-3; H, 7-9%). 

5-Chloro-4 : 6-dimethylcoumaranone.—4-Chloro-3 : 5-dimethylphenol (144-5 g.) and chloro- 
acetyl chloride (82-7 g.) were heated at 95° for 10 hr. After 2 days the product was dissolved 
in ether (500 ml.) and washed with alkali. The residue (108 g.) from the ether formed white 
needles (82-3 g.), m. p. 50—52°, from light petroleum (b. p. 60—80°). This chloroacetate (25 g.) 
was heated with powdered aluminium chloride (5 g.) quickly to 120° and then from 120° to 155° 
during 10 min. The product was decomposed with ice and hydrochloric acid, and the sticky 
solid (4-2 g.) filtered off. 5-Chloro-4 : 6-dimethylcoumaranone (3-5 g.) separated in pale-yellow 
needles, m. p. 137—140°, from light petroleum (b. p. 60—80°) (Found: C, 60-9; H, 4-2; Cl, 18-1. 
C,9H,O.Cl requires C, 61-1; H, 4-6; Cl, 18-1%). The compound gave an orange-red 
precipitate with alcoholic 2: 4-dinitrophenylhydrazine sulphate and did not contain readily 
hydrolysable chlorine. 

4-Chloro-2-chloroacetyl-3 : 5-dimethylanisole-—4-Chloro-3 : 5-dimethylanisole (5-7 g.) and 
chloroacetyl chloride (3-8 g.) in carbon disulphide (40 ml.) were stirred at 0° while aluminium 
chloride (2-5 g.) was added during 10 min. After 2 hr. at 0°, the mixture was allowed to warm 
to room temperature. Ice (15 g.) and 32% hydrochloride acid (10 ml.) were added. Extraction 
with ether (60 ml.) gave 4-chloro-2-chloroacetyl-3 : 5-dimethylanisole (2-3 g.), m. p. 130—131°, 
which formed colourless plates, m. p. 133—135°, from benzene (Found: C, 53-6; H, 4-8. 
C,,H,,0.Cl, requires C, 53-4; H, 4-9%). 
4-Chloro-2-dimethylaminoacetyl-3 : 5-dimethylanisole-——The above chloro-ketone (20 g.) was 
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mixed with a cold 18% solution of dimethylamine in benzene (80 ml.). After 4 days at room 
temperature, excess of hydrochloric acid was added and the product liberated from the acid 
extracts with dilute alkali as a brown oil (17-5 g.). A sample (1-3 g.) was treated with saturated 
methanolic hydrogen chloride (2 ml.) ; 4-chloro-2-dimethylaminoacetyl-3 : 5-dimethylanisole hydro- 
chloride (0-7 g.) separated in prisms, m. p. 210° to 225° according to the rate of heating (Found: 
C, 54-0; H, 6-6; N, 4-6. C,,H,,O,NCI, requires C, 53-5; H, 6-5; N, 4-8%). 

3-Acetamido-6-chloro-5 : 1-dimethylcoumarin.—A mixture of glycine (0-8 g.), acetic anhydride 
(1 ml.), and acetic acid (2 ml.) was gently boiled for 3 min. 4-Chloro-2-formyl-3 : 5-dimethyl- 
phenol (1-8 g.) 5 was then added at 95°, followed by acetic anhydride (3 ml.) and sodium acetate 
(0-8 g.). After 2 hr. at 95°, the crystalline acetamidocoumarin (0-1 g.) was filtered off and 
recrystallised from dioxan, forming needles, subliming above 330° (Found: C, 58-4; H, 4-7. 
C,;H,,0,NCl requires C, 58-5; H, 45%). The compound did not dissolve readily in boiling 
2n-sodium hydroxide. 

4-Chloro-2-formyl-3 : 5-dimethylanisole —4-Chloro-3 : 5-dimethylanisole (85-2 g.), N-methyl- 
formanilide (96 g.), and phosphorus oxychloride (102-3 g.) were warmed for 12 hr. at 95°. The 
bulk of the anisole was unchanged but a little aldehyde was extracted with aqueous sodium 
hydrogen sulphite. 4-Chloro-2-formyl-3 : 5-dimethylanisole formed pale yellow needles (1-3 g.), 
m. p. 106—107°, from methanol (Found: C, 60-4; H, 5-8. C, 9H,,O,Cl requires C, 60-5; H, 5-5%). 

3-Chloro-6-methoxy-2 : 4-dimethylbenzylmalonic Acid.—Sodium (0-6 g.) was stirred in boiling 
toluene (30 ml.) while ethyl malonate (4-2 g.) was added during 20 min. The mixture was 
cooled and 3-chloro-6-methoxy-2 : 4-dimethylbenzyl chloride (5-7 g.) in toluene (20 ml.) added 
during 30 min. After 2 hr. at room temperature, the mixture was boiled for 1 hr. Water 
(25 ml.) was added and the toluene layer separated and evaporated, to give the substituted 
malonic ester (8-2 g.), forming prisms, m. p. 77—78°, from light petroleum (b. p. 60—80°). The 
ester (8 g.) was heated in methanol (15 ml.) with a solution of sodium hydroxide (8 g.) in water 
(30 ml.), at 95° for 2 hr. Hydrochloric acid (16%; 40 ml.) was then added and the mixture 
boiled for 10 min. This malonic acid (6-6 g.) formed sheaves of needles, m. p. 166—168° 
(decomp.), from a large volume of water (Found: C, 54-1; H, 5-0. C,,H,,;O,;Cl requires C, 
54-4; H, 5-2%). 

8-(3-Chloro-6-methoxy-2 : 4-dimethylphenyl)propionic Acid.—The crude malonic acid (5 g.) 
was heated at 180—190° for 1 hr. and the decarboxylated product heated with 10% aqueous 
sodium hydroxide (20 ml.). Neutral material which was extracted into benzene gave off-white 
prisms, m. p. 130—131°, from methanol (Found: C, 61-7; H, 5-9; Cl, 17-8%). Acidification of 
the alkaline liquors gave the arylpropionic acid (2-5 g.), which forms prisms, m. p. 116—117°, 
from benzene (Found: C, 59-8; H, 6-1. C,,.H,,O,Cl requires C, 59-4; H, 6-2%). 

The dimethylamide, made in the usual way, formed off-white prisms, m. p. 104—105°, from 
light petroleum (b. p. 60—80°) (Found: C, 62-6; H, 7-2. C,,H, 9O,NCl requires C, 62-3; H, 
7-4%). 

4-Chloro-2-3’-dimethylaminopropyl-3 : 5-dimethylphenol.—This phenol (1 g.) was prepared 
from the above dimethylamide (1-5 g.) as described for the 2-dimethylaminoethyl compound. It 
formed pale cream prisms, m. p. 100—102°, from light petroleum (Found: C, 64-1; H, 8-3. 
C,;H,,ONCI requires C, 64-6; H, 8-3%). 

6-Chloro-5 : 7-dimethylchromanone.—(a) 4-Chloro-3: 5-dimethylphenol (192-6 g.) and B- 
chloropropiony] chloride (156-3 g.) were heated for 12 hr. at 95°. The resulting brown oil was 
dissolved in ether (700 ml.) and washed with alkali. Evaporation of the ether gave the crude 
8-chloropropionate (269 g.) which formed prisms (206-4 g.), m. p. 51—52°, from light petroleum 
(b. p. 60—80°). 

This ester (10 g.) was heated with powdered aluminium chloride (10 g.) at 130° for l hr. The 
mixture was decomposed with ice (40 g.) and 32% hydrochloric acid (40 ml.). The semisolid 
product was isolated in ether and distilled, to give a yellow oil (3-6 g.), b. p. 124—127°/1 mm., 
which largely solidified. This chromanone formed prisms, m. p. 70—71°, from light petroleum 
(b. p. 60—80°) (Found: C, 62-8; H, 5-4. C,,H,,O,Cl requires C, 62-7; H, 5-2%). 

(b) 4-Chloro-3 : 5-dimethylphenol (78-3 g.), ethyl acrylate (50 g.), and sodium 4-chloro-3 : 5- 
dimethylphenoxide (4-3 g.) were heated at 95° for 40 hr. The product was poured into water 
(100 ml.) containing acetic acid (0-5 ml.), and the liberated ‘oil was isolated in ether 
and fractionally distilled. The fraction, b. p. 123—140°/0-2 mm. (44-3 g.), was collected and 
recrystallised from light petroleum (b. p. 60—80°), forming prisms (32-5 g.), m. p. 46—49°. This 

5 Duff, J., 1941, 549. 
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ethyl §-(4-chloro-3 : 5-dimethylphenoxy)propionate (2 g.) was heated for 1 hr. at 95° with 
concentrated sulphuric acid (10 ml.). The solid obtained after dilution with water recrystallised 
from ethanol as prisms (0-7 g.), m. p. 68—69° undepressed on admixture with the product from 
(a) (Found: C, 63-2; H, 5-3%). The 2: 4-dinitrophenylhydrazone formed orange spangles, 
m. p. 265°, from acetic acid (Found: C, 51-9; H, 3-7. C,,H,,O;N,Cl requires C, 52-2; 
N, 3-8%). 

8-(3-Chloro-6-methoxy-2 : 4-dimethylbenzoyl)propionic Acid.—A solution of 4-chloro-3 : 5-di- 
methylanisole (152-8 g.) and succinic anhydride (91 g.) in nitrobenzene (1100 ml.) was stirred at 
0° while aluminium chloride (244 g.) was added during 3 hr. at 0—10°. Next day the clear, 
dark yellow solution was treated with ice (2 kg.) and 32% hydrochloric acid (1 1.). The off- 
white solid (201-7 g.) was filtered off and washed with water and ether. The dried acid, m. p. 
172—180°, was pure enough for the next step. MRecrystallised from toluene, then aqueous 
ethanol, it formed colourless prisms, m. p. 178—181° (Found: C, 57-2; H, 5-7. C,,H,,0,Cl 
requires C, 57-7; H, 5-5%). 

y-(3-Chloro-6-methoxy-2 : 4-dimethylphenyl)butyric Acid.—The foregoing benzoylpropionic 
acid (11 g.) was added to zinc amalgam (22 g.), water (16 ml.) and 32% hydrochloric acid 
(44 ml.), and the mixture boiled for 12 hr. (Weaker acid is unsatisfactory.) The crude butyric 
acid (10-8 g.) was recovered from the liquors and from the amalgam by repeated ether-extractions 
and formed plates (7-8 g.), m. p. 117—118° (from aqueous methanol) (Found: C, 60-8; H, 6-6. 
C,;H,,0,Cl requires C, 60-8; H, 66%). The dimethylamide was made in the usual way from the 
acid (4 g.) and formed hexagonal plates (2-6 g.), m. p. 83—86°, from ether (Found: C, 63-2; 
H, 7-6. C,;H,,O,NClI requires C, 63-5; H, 7-8%). 

4-Chloro-2-4’-dimethylaminobutyl-3 : 5-dimethylphenol—By the usual methods, the above 
dimethylamide (2-6 g.) gave successively 4-chloro-2-4’-dimethylaminobutyl-3 : 5-dimethyl- 
anisole as a colourless oil (2-3 g.), and the corresponding phenol (2-0 g.), m. p. 154—158°. 

A sample of the latter was recrystallised from benzene and then from aqueous ethanol, 
whence it formed prisms, m. p. 159—160° (Found: C, 65-9; H, 8-7. C,,H,,ONCI requires 
C, 65-8; H, 8-6%). 

y-(3-Chloro-6-hydroxy-2 : 4-dimethylphenyl)butyric Acid.—Demethylation of -(3-chloro-6- 
methoxy-2 : 4-dimethylphenyl) butyric acid (2 g.) with pyridine hydrochloride gave the corre- 
sponding hydroxy-acid (1-7 g.), m. p. 145—150°. It formed leaflets (1-4 g.), m. p. 151—153°, 
from toluene (Found: C, 59-8; H, 6-3. C,,H,,0,Cl requires C, 59-4; H, 6-2%). 

Heating a mixture of the acid (10 g.) with 30% aqueous dimethylamine (30 ml.) gradually 
to 190° and keeping the mixture at this temperature for 1} hr. gave the dimethylamide, off-white 
prisms (4-4 g.), m. p. 182—183° (from methanol) (Found: C, 62-2; H, 7-6. C,H, O,NCl 
requires C, 62-3; H, 7-4%). 

Extraction of this dimethylamide (1-4 g.) from a Soxhlet apparatus into lithium aluminium 
hydride (0-26 g.) and boiling ether gave 4-chloro-2-4’-dimethylaminobutyl-3 : 5-dimethylphenol 
(0-9 g.), m. p. and mixed m. p. 159—160°. 

y-(2-Hydroxy -4 : 6-dimethylphenyl)butyric Acid.—y-(3-Chloro-6-methoxy-2 : 4-dimethyl- 
phenyl) butyric acid (5-7 g.) was boiled for 15 min. with 66% hydriodic acid (60 ml.) and water 
(10 ml.). On cooling, y-(2-hydroxy-4 : 6- dimethylphenyl) butyric acid (4-2 g.) separated. It 
formed leaflets, m. p. 130—132°, from toluene (Found: C, 68-9; H, 7:4. C,,H,,O, requires 
C, 69-2; H, 7-7%). 

The dimethylamide (0-4 g.), made by heating the acid (1 g.) with aqueous dimethylamine as 
described above for the chloro-analogue, formed off-white needles, m. p. 179—181°, from 
methanol (Found: C, 71-2; H, 8-9; N, 6-1. C,,H,,O,N requires C, 71-4; H, 8-9; N, 6-0%). 
This reaction probably proceeds via the lactone of the hydroxy-acid. When acetylation of the 
hydroxy-acid was attempted, lactonic material was the main product; with cold aqueous 
dimethylamine this gave a mixture of the above dimethylamide and the dimethylamine salt of 
the hydroxy-acid. 

Methyl y-(3-Chloro-6-methoxy-2 : 4-dimethylphenyl)butyrate—The methoxy-acid (5 g.) was 
heated in boiling methanol (50 ml.) for 5 hr. with concentrated sulphuric acid (0-5 ml.). The 
methyl ester (4 g.), isolated in the usual way, formed needles, m. p. 41°, from light petroleum 
(b. p. 40—60) (Found: C, 61-9; H, 6-9. C,,H,,O,Cl requires C, 62-1; H, 7-0%). 

4-(3-Chloro-6-methoxy-2 : 4-dimethylphenyl)butan-1-ol_—The foregoing methyl ester (3-9 g.) 
in ether (20 ml.) was added during 15 min. to lithium aluminium hydride (0-53 g.) in ether 
(40 ml.). After 1 hr. at room temperature, the mixture was boiled for 2 hr., then cooled, and 
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3% aqueous sodium hydroxide (2-5 ml.) was added. The ether solution was filtered and on 
evaporation yielded the butanol (3-5 g.) which formed waxy needles, m. p. 61°, from light 
petroleum (b. p. 60—80°) (Found: C, 64-8; H, 7-8. C,,H,,0,Cl requires C, 64-3; H, 7-8%). 
Its p-nitrobenzoate formed pale yellow prisms, m. p. 89—91°, from ethanol (Found: C, 61-4; H, 
5-7. C, 9H..O,;NCI requires C, 61-3; H, 5-6%). 

The alcohol (2 g.) was boiled with 48% hydrobromic acid (10 ml.) for 2hr. The dark oil was 
extracted into ether. Alkali removed only traces of phenols. The residue from the ether 
crystallised on trituration with light petroleum to a grey solid (0-6 g.), m. p. 105—115°. This 
bromide separated in colourless needles, m. p. 124°, from benzene (Found: C, 48-1; H, 5-6. 
C,,;H,,OCIBr requires C, 48-9; H, 5-7%). 

1-(4-(3-Chloro -6-hydroxy-2 : 4-dimethylphenyl)butyl|pyridinium Chloride.—4-(3-Chloro-6- 
methoxy-2 : 4-dimethylphenyl)butanol (1 g.) was heated at 190° with pyridine hydrochloride 
(2-5 g.) for 5 hr. The mixture was dissolved in warm methanol (3 ml.). On cooling, prisms 
(0-35 g.), m. p. 186—190°, of the quaternary salt separated (Found: C, 62-8; H, 6-6. C,,H,,ONCI, 
requires C, 62-6; H, 6-4%). 

4-(3-Chloro-6-hydroxy-2 : 4-dimethylphenyl)butan-1-ol.—y-(3-Chloro-6-hydroxy-2 : 4-dimethy]- 
phenyl) butyric acid (1-9 g.) in partial solution in ether (20 ml.) was added to lithium aluminium 
hydride (0-7 g.) in ether (60 ml.). After 16 hr. the mixture was boiled for 2 hr., then treated 
with aqueous alkali in the usual way. The phenolic alcohol (1 g.) formed needles, m. p. 105— 
106°, from light petroleum (b. p. 80—100°) (Found: C, 63-0; H, 7-9. C,,H,,O,Cl requires C, 
63-0; H, 7-4%). 


We thank Mr. T. J. Rawlings for valuable technical assistance, and the directors of Monsanto 
Chemicals Limited for permission to publish this work. 


NICKELL LABORATORIES, MONSANTO CHEMICALS LIMITED, 
RvuABON, WREXHAM, DENBIGHSHIRE. [Received, March 12th, 1957.] 





771. Radical Exchange in Organometallic Compounds. Part II.4 
Replacement of Trifluoromethyl by Methyl. 


By R. N. HaszeLpInE and B. O. WEsT. 


Tristrifluoromethyl-phosphine or -arsine reacts with methyl iodide to give 
(CF,),.M*-CH, (M = P or As); further reaction with methyl iodide yields 
CF,*M(CH;),. The possibility of reversing such exchange reactions has been 
studied, and reaction schemes are suggested. 


THE replacement of methyl by trifluoromethyl in compounds M(CHs3), to give CF;°M(CH3),. 
(M = P, As, or Sb) was shown to occur readily by reaction with trifluoroiodomethane at 
room temperature or below.!_ The possibility of replacement of trifluoromethyl by methyl 
has now been investigated. 

Tristrifluoromethyl-phosphine or -arsine reacts with methyl iodide only at elevated 
temperatures (240°), to give methylbistrifluoromethyl-phosphine or -arsine (CF3),M-CH, 
and trifluoroiodomethane. Methylbistrifluoromethyl-phosphine or -arsine will react 
further with an excess of methyl iodide at this temperature to give the compounds 
CF,*M(CH,),; the phosphorus compound is obtained in low yield as the quaternary salt 
with methyl iodide, whereas the arsenic compound is obtained in the free state. 

Attempts to prepare tristrifluoromethyl-phosphine or -arsine by reaction of the com- 
pounds (CF;),.M-CH, with trifluoroiodomethane were unsuccessful, #.e., the reaction of the 
tristrifluoromethyl compounds with methyl iodide described above was not reversible. 
Methylbistrifluoromethylphosphine similarly could not be obtained by treatment of 
dimethyltrifluoromethylphosphine with trifluoroiodomethane, but, by contrast, dimethyl- 
trifluoromethylarsine yielded methylbistrifluoromethylarsine when heated with trifluoro- 
iodomethane. 


1 Part I, Haszeldine and West, J., 1956, 3631. 
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These reactions, and those reported in Part I, can thus be summarised as follows: 


Phosphorus: 


(CF;)3P a (CF;).P-CH, om CF,°P(CH;), ami [CF,°P(CH;),]! 
40° 40° Fast 


h 2 A 2 ; 





ou Qn i_ = 
Arsenic: 
Mel Mel Mel 
(CF;),;As ———> (CF,),As‘*CH, ———» CF,As(CH,), ———» [CF,-As(CH;),]! 
240° , 240° Slow 
! 1 
Diced 
CF,I, no reaction CF,I, 240° i CF,I, 20° As(CHs); 


These exchange reactions are considered ! to involve the formation of the quaternary 
iodide either (a) by nucleophilic attack of M(CH,), or CF,*M(CHs), on the iodine atom of 
trifluoroiodomethane, followed by rapid rearrangement of the intermediate to give iodine 
as the anion, e.g., [(CHs),PI)*CF,- —» [(CH,),P’CF,]*I-, or (6) by nucleophilic attack of 
(CF;),M(CH,)3.. on the carbon atom of methyl iodide to give a quaternary compound 
directly. , 

The basicity of the substituted phosphine or arsine acting as the nucleophilic reagent is 
probably of prime importance for (a), since trifluoroiodomethane is not readily attacked by 
weakly nucleophilic reagents, and this accounts for the occurrence of reactions of the type 
M(CH3)3 + CFI at room temperature or below. As the number of trifluoromethyl groups 
in the phosphine or arsine increases, the reaction with trifluoroiodomethane becomes 
increasingly difficult or impossible. 

For reaction (0), the ease of nucleophilic attack on the carbon atom of methyl iodide 
* will again decrease as the basicity of the phosphine or arsine decreases, i.¢., as the number 
of trifluoromethyl groups it contains increases. This can be appreciably offset by the 
relative ease of heterolytic fission of the carbon-iodine bond of methyl iodide, combined 
with use of much higher reaction temperatures. 

Formation of the quaternary compound by mechanism (a) or (0) would then be 
followed by its decomposition (i) by nucleophilic attack by the relatively basic phosphine 
or arsine, ¢.g.: 


(CH,),P + CH,-P(CH,),CF, — (CH,),P + CF,:P(CH,)s 
or (ii) by the splitting out, by pyrolysis, of the most electro-negative group as its iodide, e.g. : 
[(CF;),P*CH,]'|- —— (CF,),P-CH, + CF,l 


Decomposition (i) will clearly be favoured under conditions where (a) operates, and (ii) 
under conditions where (b) operates. A detailed study of the decomposition of the key 
quaternary compounds postulated above as intermediates was prevented by our failure to 
synthesise them by alternative routes; despite this most of the results can be understood 
on the basis of the above reaction schemes. 

The failure of tristrifluoromethylphosphine to react with methyl bromide or chloride 
can be attributed to the negligible Lewis basicity of the phosphine and the greater carbon— 
halogen bond strength relatively to that in methyl iodide, thus preventing reaction (a) or 
(b) respectively. 

Methylbistrifluoromethyl-phosphine and -arsine are also substantially non-basic and 
fail to attack the iodine atom of trifluoroiodomethane even at high temperatures; tristri- 
fluoromethyl-phosphine and -arsine are thus not formed. The increased ease of heterolytic 
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cleavage of the carbon-iodine bond in methyl iodide explains why methylbistrifluoro- 
methyl-phosphine and -arsine react with methyl iodide to give dimethyltrifluoromethyl- 
phosphine and -arsine. Dimethyltrifluoromethylphosphine is more basic than the corre- 
sponding arsine, and the exchange reaction therefore produces dimethyltrifluoromethyl- 
phosphine as its quaternary salt with methyl iodide, but dimethyltrifluoromethylarsine in 
the free state. Trialkylphosphines are, in general, stronger bases than the corresponding 
arsines.? 

Rather surprisingly, dimethyltrifluoromethylphosphine fails to react with trifluoroiodo- 
methane whereas dimethyltrifluoromethylarsine does. Thus only for the arsenic com- 
pound is the equilibrium: 


(CF,),.M-CH, + CH,! ———= CF,"M(CH;), + CF;I 


possible. Since dimethyltrifluoromethylphosphine is more basic than dimethyltrifluoro- 
methylarsine, some further factor must be involved, probably the weakness of the C~As 
bond (ca. 55 kcal./mole) compared with the C-P bond (ca. 65 kcal./mole) which favours the 
decomposition of the intermediate quaternary salt by scheme (ii). 

Fluoroform, often a by-product in the high-temperature exchange reactions, arises by 
homolytic cleavage of the carbon-iodine bond in trifluoroiodomethane or of the M-CF, 
bond in the arsine or phosphine, followed by attack of the trifluoromethyl free radical on 
a C-H bond. 

The annexed Table of boiling points shows that the dimethyltrifluoromethyl compound 
has the highest boiling point and that the tristrifluoromethyl compound boils at a lower 
temperature than the trimethyl compound. 


B. p.s of methyl trifluoromethyl derivatives of phosphorus, arsenic, and antimony. 


M M(CH;); CFy-M(CH;), (CF;),M-CH, (CF;),M 
PD scccesssccesvessoscescocsscose 37-8° 46-9° 35-2° 17-0° 
BB ceccccecccccccccccccsosceee 49-5 58-0 52-0 33-3 
SD cecoccccccccessoccssescccce 78-5 85-8 (81 *) 73-0 
* Predicted. 


Investigation of the aqueous alkaline hydrolysis of the compounds M(CH,)s, 
CF,°M(CHg)¢, (CF3),.M°CHs, and (CF,)sM (M = P, As, or Sb) shows that: (a) The trimethyl 
compounds are stable under the conditions used. (0) All the trifluoromethyl compounds 
yield fluoroform quantitatively with 15—20% aqueous sodium hydroxide at 20°. (c) For 
a given M the rate of hydrolysis increases markedly with the number of trifluoromethyl 
groups attached to M. (d) For a given number of trifluoromethyl groups in the compound 
the rate of hydrolysis increases P < As < Sb. For compounds of the type CF,*M(CH3). 
the difference in rate is much greater between As and Sb than between P and As. 

The hydrolysis results are consistent with initiation by nucleophilic attack by hydroxide 
ion on the central atom; increase in the number of trifluoromethyl groups attached to M 
and/or increase in the electropositive character of M with increase in its atomic weight 
facilitate hydrolysis. Conversely, basicity is reduced: (a) Trimethylphosphine gives a 
stable silver iodide complex, dimethyltrifluoromethylphosphine gives a readily dissociated 
complex, and methylbistrifluoromethylphosphine and tristrifluoromethylphosphine are 
virtually non-basic in this sense. (b) Basicity decreases in the order P > As > Sb, as 
shown by the ease of formation of quaternary compounds with methyl iodide at room 
temperature [e.g., CF,"P(CH3), reacts much faster than CF,°As(CH3),], by the formation of 
compounds with carbon disulphide, and by complex formation with silver iodide [e.g., 
CF,*P(CH3), gives*a silver iodide complex, CF;*As(CHj), does not]. Trifluoromethyl 
derivatives of arsenic and antimony are very weak bases. 


* Addis and Davies, J., 1937, 1622. 
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EXPERIMENTAL 


Conventional vacuum-technique was used for the manipulation of reactants and products as 
far as possible. Reactions were carried out in 40 ml. Pyrex tubes sealed in vacuo and heated 
when necessary in a tube furnace. Distillation of the products im vacuo was combined with 
infrared spectroscopy of the various fractions. Reference spectra and spectra of known 
mixtures were recorded to enable quantitative spectroscopic analysis to be carried out in certain 
cases. 

Trifluoroiodomethane was prepared in mole quantities by the reaction of silver trifluoro- 
acetate and iodine. 

Preparation of Tristrifiluoromethylphosphine.* *—An improved procedure was to heat white 
phosphorus (50 g.) and trifluoroiodomethane (20 g.) in a 300 ml. stainless steel autoclave in an 
oil-bath at 215—217° for 48 hr. The tristrifluoromethylphosphine was removed by fraction- 
ation and the unchanged trifluoroiodomethane, together with the iodophosphines CF,°PI, and 
(CF;),PI, and an additional quantity (50 g.) of trifluoroiodomethane, were returned to the auto- 
clave. The mixture was heated to 220—225° for 48 hr. and the cycle repeated. Fresh trifluoro- 
iodomethane (50 g.) was added at each stage and the temperature was raised to a maximum of 
230°. The temperature must be controlled carefully, particularly during the first cycle, to avoid 
formation of phosphorus trifluoride. The yield of tristrifluoromethylphosphine is ca. 20%, and 
iodotrifluoromethylphosphines are the main products particularly towards the end of the 
recycling procedure. 

Reaction of Tristrifiuoromethylphosphine and Methyl Iodide.—Into each of twelve tubes were 
condensed tristrifluoromethylphosphine (1-19 g., 5 mmoles) and methy] iodide (0-71 g., 5 mmoles) ; 
two layers were present at 20°. The tubes were heated to 240° (24 hr.), to give methylbistrifluoro- 
methylphosphine (3-5 g., 32%) (Found: F, 61-7%; M, 185. C,H,F,P requires F, 61:8%; M, 
184), trifluoroiodomethane (81%), fluoroform (4%), unchanged tristrifluoromethylphosphine 
(45%), and a mixture consisting of. methylbistrifluoromethylphosphine, tristrifluoromethyl- 
phosphine, trifluoroiodomethane, and methyl iodide (analysed spectroscopically). The yield of 
the compound (CF,),P*CH, based on the tristrifluoromethylphosphine used up was 54%. 

The reaction tubes were covered with a thin black deposit and a small quantity of needle- 
shaped crystals. A second experiment at 240° for 12 hr. gave less carbonaceous material and a 
better sample of the needles; spectroscopic examination showed these to be a mixture of 
trimethyltrifluoromethylphosphonium iodide * containing approx. 10% of an unknown com- 
pound, possibly dimethylbistrifluoromethylphosphonium iodide. Attempts to prepare the 
compound [(CF;),P(CH,),]*I~ by reaction of methylbistrifluoromethylphosphine and methyl 
iodide, and by other routes, to facilitate identification failed. 

Methylbistrifluoromethylphosphine.—This is a colourless liquid, denser than, and unaffected 
by, air-free water. Its vapour pressure is represented by the equation log,,  (mm.) = 
7-356 — 1379/T, whence the b. p. is 35-2°, the latent heat of vaporisation is 6310 cal./mole, 
and Trouton’s constant is 20-5. The compound gives no indication of complex formation with 
carbon disulphide or silver iodide. 

Reaction of Tristrifluoromethylphosphine with Methyl Bromide or Methyl Chloride.—Tristri- 
fluoromethylphosphine (1-19 g., 5 mmoles) and methyl bromide (0-47 g., 5 mmoles), heated in a 
sealed tube at 240° (37 hr.), gave unchanged tristrifluoromethylphosphine (80%), methyl 
bromide, fluoroform (6%), and bromotrifluoromethane (4%); a carbonaceous deposit covered 
the walls. Neither methylbistrifluoromethylphosphine nor trimethyltrifluoromethylphosphon- 
ium iodide was detected in the products. An experiment at 300° caused complete decomposition 
of the tristrifluoromethylphosphine without change in the main course of the reaction. 

Reaction of tristrifluoromethylphosphine (1-19 g., 5 mmoles) and methyl] chloride (0-25 g., 
5 mmoles), at 240° for 8 hr. or at 300° for 4 hr., gave only traces of chlorotrifluoromethane. At 
the lower temperature only unchanged reactants and fluoroform (5%) were produced, and at the 
higher temperature carbonisation set in. In particular the compounds (CF;),P*CH;,CF,°P(CHs),, 
or their quaternary salts were not detected. 

Reaction of Methylbistrifluoromethylphosphine with Methyl Iodide.—Methylbistrifluoro- 
methylphosphine (0-463 g., 2-5 mmoles) and methyl iodide (0-364 g., 2-55 mmoles) formed two 
layers in a sealed tube at ca. —40°, but were miscible at 20°. The tube was heated at 58° for 


? Bennett, Emeléus, and Haszeldine, J., 1953, 1565. 
* Emeléus, Haszeldine, and Walaschewski, J., 1953, 1552. 
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24 hr., then at 228° for 10 hr. Fractionation gave unchanged methylbistrifluoromethyl- 
phosphine and methy] iodide, trifluoroiodomethane (5% based on the loss of one CF; group from 
methylbistrifluoromethylphosphine), and fluoroform (5%). The residual white solid from the 
reaction tube was identified spectroscopically as trimethyltrifluoromethylphosphonium iodide * 
(4%). Spectroscopic examination showed that dimethyltrifluoromethylphosphine was not 
present in the gaseous products. 

Reaction of Methylbistrifluoromethylphosphine with Trifluoroiodomethane.—The phosphine 
(0-149 g., 0-81 mmole) and trifluoroiodomethane (0-161 g., 0-82 mmole), heated at 240° for 
12 hr., gave unchanged methylbistrifluoromethylphosphine (0-130 g., 84%), trifluoroiodo- 
methane (0-11 g., 69%), and fluoroform (0-014 g.). In a second experiment a similar reaction 
mixture, sealed in a silica tube, was exposed to ultraviolet light for 12 hr.; only unchanged 
reactants and a small amount of phosphorus tri-iodide were recovered. In neither of these 
experiments was tristrifluoromethylphosphine detected spectroscopically. 

Reaction of Dimethyltrifluoromethylphosphine with Trifluoroiodomethane.—Dimethyltrifluoro- 
methylphosphine (0-577 g., 4-4 mmoles) and trifluoroiodomethane (0-889 g., 4-5 mmoles), heated 
at 240° for 24 hr., failed to give methylbistrifluoromethylphosphine and only unchanged 
reactants were detected. 

Methylbistrifluoromethylarsine.‘—This was prepared in 36% yield by reaction of tristrifluoro- 
methylarsine with methyl iodide at 240°. 

Reaction of Methylbistrifluoromethylarsine with Methyl Iodide.—Methylbistrifluoromethyl- 
arsine (1-18 g., 5-2 mmoles) and methyl iodide (0-71 g., 5 mmoles), heated at 240° for 24 hr., gave 
unchanged methylbistrifluoromethylarsine (0-37 g., 32%) and methyl iodide (0-23 g., 32%), 
dimethyltrifluoromethylarsine 1 (0-46 g., 52%), trifluoroiodomethane (0-28 g., 28%), and 
fluoroform (0-16 g., 44%). The yield of dimethyltrifluoromethylarsine based on the methy]l- 
bistrifluoromethylarsine used up is 75%. Arsenic tri-iodide was also formed. 

Reaction of Methylbistrifluoromethylarsine with Trifluoroiodomethane.—Methylbistrifluoro- 
methylarsine (1-10 g., 4-8 mmoles) and trifluoroiodomethane (1-96 g., 10 mmoles), heated at 240° 
for 24 hr., gave only unchanged reactants. A similar result was obtained by exposure of the 
reactants in a silica tube to ultraviolet light for 12 hr. Spectroscopic examination showed 
tristrifluoromethylarsine to be absent. 

Reaction of Dimethyltrifluoromethylarsine with Trifluorotodomethane.—tThe arsine (0-409 g., 
2-35 mmoles) and trifluoroiodomethane (0-483 g., 2-45 mmoles), heated at 240° for 24 hr., gave 
unchanged dimethyltrifluoromethylarsine (0-253 g., 62%), trifluoroiodomethane (0-327 g., 
68%), methylbistrifluoromethylarsine (0-17 g., 32%), methyl iodide (ca. 0-1 g.), and fluoroform 
(0-05 g., 29%). The yield of methylbistrifluoromethylarsine based on the dimethyltrifluoro- 
methylarsine used up was 82%. 

Hydrolysis of Methyl Trifluoromethyl Derivatives of Phosphorus, Arsenic, and Antimony.— 
The compounds shown in the annexed Table were shaken with an excess of 20% aqueous 
sodium hydroxide at 20°. The volatile products were fractionated in vacuo to separate fluoro- 
form from the unchanged phosphine, arsine, or stibine. Fluoride was not liberated. 


mmoles Time (days) Unchanged (%) CHF, (%) 
ID . vitietnestinintninnebion 2-24 3 93-5 6-5 
IIIS -: ccdsnsnnoushadiesituiabiien 1-49 4 8 92 
AMT schecerndestesssnasscvosesetee 1-65 2 2 98 
CIID: cnnssitecmaineaconseiounde 1-26 3 91 n) 
SEI cstcispeetnctannntsticdes 0-91 3 31 69 
th IT 0-96 1 0 100 
CH BOE Blade ccccccsccccescscccssosee 0-723 3 0 100 
GR aE stundinirendncdsnneaneeinceine 1-00 30 min. 0 100 


One of us (B. O. W.) is grateful to the Master and Fellows of Gonville and Caius College for 
the award of a Rhondda Research Studentship, and to the University of Adelaide for leave of 
absence (1953—1954). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, April 5th, 1957.] 
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772. Magnetic Perturbation of Singlet-Triplet Transitions. 
Part II.* 


By D. F. Evans. 


Well-resolved singlet-triplet absorption bands have been observed with 
benzene and fluorobenzene vapours in the presence of high pressures of 
oxygen. The 0,0 band is relatively intense for benzene, although the 
transition is forbidden on symmetry grounds; an explanation is given. 

The triplet level of pyridine in 2: 2: 4-trimethylpentane solution has 
been located at 29,650 + 100 cm.“ (3-68 ev) by perturbation with oxygen 
under pressure, in excellent agreement with a recent theoretical value of 
3-72, ev. The very small solvent shifts obtained with chloroform and ethyl 
alcohol indicate that the transition involved is zx, and not n—nx. 

The weak absorption maxima of thiophen reported around 3150 A, and 
provisionally assigned to a singlet-triplet transition, is almost certainly 
spurious. 

Nitric oxide also perturbs the singlet—triplet bands of (liquid) benzene in a 
similar manner to oxygen. This agrees with the explanation previously 
given for the effect of oxygen. 


DISSOLVED oxygen strongly induces the single-triplet transitions of aromatic molecules.) 2 
This provides a useful method for locating their triplet levels. Further results are now 
reported. As the effect of oxygen was attributed to its paramagnetic nature, the spectrum 
of another simple paramagnetic molecule, nitric oxide, has been investigated in benzene. 


EXPERIMENTAL 


Apparatus—A Unicam S.P. 500 spectrophotometer, normally fitted with the 10 cm. cell 
housing, was used. A quartz lens was necessary to focus the light beam when using a 50 cm. 
cell. 

The high-pressure cell (built by Research and Industrial Instruments Co., London) is an 
improved version of that previously described.2. Made of stainless steel, it has two fused silica 
windows (1 cm. thick) bolted between polytetrafluoroethylene gaskets. Its effective path 
length is 5-2 cm. The cell is connected, via an Ermeto coupling, to a stainless steel needle 
valve, and the whole assembly fits into the 10 cm. Unicam S.P. 500 (or Beckman DU) cell 
housings. The measurements on pyridine solutions were carried out as described previously.? 
The absorption of oxygen dissolved in the pure solvents was small. 

In order to study perturbation in the gas phase, a drop of benzene or fluorobenzene was 
placed in the bottom of the high-pressure cell, and the spectra measured after equilibrium had 
been attained in the cell housing (care being taken to ensure that liquid had not condensed on 
the cell windows). The absorption of both benzene (or fluorobenzene) vapour and oxygen 
separately was found to be very small over the wavelength region studied. Measurements were 
also made with a known concentration of benzene vapour (in the absence of any liquid phase) 
by connecting the evacuated cell to a tube of benzene at a known temperature. The valve was 
closed, the cell removed, and after the blank absorption had been obtained, oxygen at a known 
pressure was allowed in. The inward rush of gas prevented appreciable back-diffusion of the 
benzene vapour. 

The apparatus used for the nitric oxide experiment is shown in Fig. 1. A stream of oxygen- 
free nitrogen (chromous chloride bubblers) was passed successively through saturated sodium 
hydroxide solution, sodium hydroxide pellets, a trap maintained at about — 130°, and a bubbler 
containing pure benzene. It was finally passed through the cell, which was frequently shaken, 
until all the oxygen present had been removed. The (small) absorption of the deoxygenated 
benzene was then measured in the region 2900—3700 A. After again being flushed with 


* Part I is regarded as the paper by Evans, J., 1957, 1351. 


1 Evans, Nature, 1956, 178, 534. 
2 Evans, J., 1957, 1351. 
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nitrogen, the benzene was saturated with nitric oxide from a cylinder (Matheson Co. Inc.) and 
purified as above, and its absorption remeasured. By subtraction the spectrum resulting from 
the effect of the dissolved nitric oxide was obtained. Finally, nitrogen was once more passed 
through the cell to ensure that the additional absorption disappeared on removal of the nitric 
oxide. No absorption was observed with gaseous nitric oxide at 1 atmosphere (0-042m). 

Materials.—Benzene was shaken several times with 
concentrated sulphuric acid, washed, dried, and 
repeatedly fractionally frozen to a constant freezing 
point of 5-54 + 0-05°. It was finally fractionally distilled 
through a 1 m. column packed with glass helices (reflux 
ratio = 20: 1). Fluorobenzene was fractionally distilled. 
Pyridine was treated with a slight excess of dilute 
sulphuric acid, and the non-basic impurities distilled off.* 
The pyridine was liberated with alkali, fractionally 
distilled as the azeotrope with water through the 1 m. 
column to remove pyrazine,‘ dried, and again distilled. 
Thiophen was purified via the mercuric acetate 
derivative ® and finally fractionally distilled. 
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10cm. silica’ cell RESULTS AND DISCUSSION 
fitted with 8/0 cone Singlet-Triplet Transitions in the Gas Phase.—The 
Fic. 1. Light-absorption cell. singlet-triplet bands of benzene perturbed by oxygen 


can be observed in a 5 cm. length of liquid benzene 
saturated with oxygen at ca.0-2 atm.? It was therefore thought that they might also be 
found with benzene (and fluorobenzene) vapour in the presence of oxygen at high pressure, 
and the results obtained in this way are shown in Fig. 2. The concentration of benzene and 
fluorobenzene in the vapour phase was considerably increased by the high pressure of oxygen. 
The bands were also observed with benzene vapour at ca. 70 mm. pressure (in the absence 
of any liquid phase), and oxygen at ca. 100 atm., but were much weaker (maximum optical 
density ca. 0-01). 

As expected, the bands are much better resolved than with liquid benzene or 
fluorobenzene, partly because the background absorption? is shifted to considerably 
shorter wavelengths. This is another argument in favour of the assignment of this more 
intense background absorption to a charge-transfer transition, since such transitions are 
considerably shifted by solvents. Although there will be very considerable pressure 
broadening of the bands by the high pressure of oxygen, any perturbation of the energy 
levels will be small since the refractive index of oxygen at 130 atm. around 3300 A is only 
1-035.7 The close agreement between the positions of the bands in the gaseous and the 
liquid phase further illustrates the insensitivity of singlet-triplet transition energies to the 
external conditions (see Table). The longest-wavelength absorption band of benzene is of 


Triplet levels (cm). 


Vapour Liquid Low-temp. glass 
SII - idhaisherenidinuamipmnneniiaeieh 29,510 29,440 2 (29,400,® 29,410 *) 29,470,%° 29,515 32 
Fluorobenzene  ............00. 29,530 29,500 ® — 


comparatively high intensity, even in the vapour phase. There can be little doubt that 
this band is the 0,0 band. The close agreement between its position and that of the 


* Biddiscombe, Coulson, Handley, and Herington, J., 1954, 1957. 

* Brealey, J]. Chem. Phys., 1956, 24, 571. 

5 Dimroth, Ber., 1899, 32, 758. 

* Ham, J. Amer. Chem. Soc., 1954, 76, 3881. 

? International Critical Tables, McGraw-Hill Book Company, Inc., New York, 1928, Vol. 7, p. 8. 
® Lewis and Kasha, ]. Amer. Chem. Soc., 1945, 67, 994. 

* Pitts, J. Chem. Phys., 1950, 18, 1416. 

10 Shull, J. Chem. Phys., 1949, 17, 295. 

11 Dikun and Sveshnikov, Doklady Akad. Nauk S.S.S.R., 1949, 65, 637. 
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shortest-wavelength phosphorescence band can hardly be coincidental, since a similar 
state of affairs is also found with other aromatic hydrocarbons. Although there has been 
controversy as to the symmetry of the lowest triplet level of benzene, it is almost certainly 
either *B,, or *B2, (probably the former).!% 1213.14 On either assignment the singlet-— 
triplet transition is forbidden on symmetry grounds, and hence the 0,0 band should be 
missing. * (Transitions can, however, occur together with a one-quantum change of an E, 
vibration, as in the well-known 2600 A system of benzene.!*) Since the 0,0 band is 
relatively just as intense in the vapour phase as in liquid benzene, its appearance cannot 
be due to solvent perturbation, and the most likely explanation is that it occurs as a result 
of the reduction in symmetry of the system caused by the perturbing oxygen molecule. 
The very close agreement between the results for benzene and for fluorobenzene agrees 
with this, since the 0,0 band is allowed with. fluorobenzene. 


Fic. 2. Fie. 3. 
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2800 3000 3200 3400 3600 F 3/00 3200 3300 5500 
Wavelength(A) 
Fic. 2. Absorption spectra. 
A, Benzene vapour in presence of oxygen at high pressure in the 5-2 cm. cell at ca. 20° and 130 atm. 
of oxygen. Max. at 29,510, 30,420, 31,300, 32,110, and 32,980 cm."?. 
B, Fluorobenzene vapour in presence of oxygen at high pressure in the 5-2 cm. cell at ca. 22° and 140 
atm. of oxygen. Max. at 29,530, 30,420, 31,270, and 32,080 cm."}. 


C, Nitric oxide dissolved in benzene at 0-89 atm. (ca. 0-012m) in the 10 cm. cell. Max. at 29,450, 
30,400, 31,300, 32,150, and 33,050 cm.*?. 


Fic. 3. Absorption of oxygen in pyridine solutions in the 5-2 cm. ceil. 
A, 1-1m-Pyridine in chloroform, oxygen pressure ca. 135 atm. 


B, 0-50m-Pyridine in 2: 2: 4-trimethylpentane, oxygen pressure ca. 90 atm. 
C, 0-60M-Pyridine in ethyl alcohol, oxygen pressure ca. 135 atm. 


If the above interpretation is correct, the unperturbed singlet-triplet bands of benzene 
should differ markedly from those obtained in the presence of oxygen or nitric oxide. 
(This will not, in general, be so for other aromatic hydrocarbons such as naphthalene.) 
An unsuccessful attempt was made to detect these unperturbed bands by using a 50-cm. path 
of deoxygenated benzene, and they are obviously excessively weak. The (corrected) life- 
time of the benzene triplet level obtained from phosphorescence data is 21 sec.,1® but the 

* Although the 0,0 band appears in the phosphorescence spectrum it is extremely weak.1® 11 This 
indicates that any atmospheric oxygen in the frozen glasses does not appreciably perturb the triplet— 


singlet transition, probably owing, at least in part, to the absence of molecular collisions. The unex- 
pected character of the singlet-triplet absorption bands of benzene was commented on by Craig." 


12 Craig, J. Chem. Phys., 1950, 18, 236. 

13 Pariser, ]. Chem. Phys., 1956, 24, 250. 

14 Craig, Rev. Pure Appl. Chem., 1953, 3, 207. 

18 Sponer, Nordheim, Sklar, and Teller, J. Chem. Phys., 1939, 7, 207. 
16 Gilmore, Gibson, and McClure, ]. Chem. Phys., 1955, 28, 399. 
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derivation of this value involves considerable uncertainties. A recent theoretical calcul- 
ation }7 predicts a lifetime of 260 sec. for a *Bg, level, and 2100 sec. for a *B},, level. 

Triplet Level of Pyridine.—Brealey * has recently shown the singlet-triplet absorption 
and emission bands previously reported 18 for pyridine are actually due to pyrazine present 
as an impurity. Since this leaves the lowest triplet level of pyridine unassigned, the 
problem has been investigated by the oxygen perturbation method. The results for 
pyridine dissolved in three different solvents are shown in Fig. 3. Absorption bands very 
similar to those observed with benzene are obtained. The longest-wavelength band is at 
29,650 + 100 cm.- (2 : 2: 4-trimethylpentane solution), and hence the lowest triplet level 
of pyridine is located at 3-68 ev, in excellent agreement with a recent theoretical value of 
3-72, ev,!* and very different from the previous erroneous value of 3-25 ev. 

The very small solvent shifts found with chloroform and ethyl alcohol indicate that the 
singlet-triplet transition is s-z and not m—-x. (This method of distinguishing between the 
two types of transition is now well established for singlet-singlet transitions.2°) In agree- 
ment with this, the vibrational spacing of the bands (~900 cm.) is very similar to that 
found with benzene. 

Another molecule which is very similar in many respects to benzene is thiophen. No 
triplet bands could be detected down to about 2700 A with the technique used for pyridine, 
although they were possibly obscured by the strong charge-transfer absorption observed 
at short wavelengths. Padhye and Desai*! studied the absorption spectrum of thiophen 
in hexane and observed a weak maximum (c = 0-048), having two peaks at 3130 A and 
3180 A, which was provisionally assigned to a singlet-triplet transition. However, our 
thiophen showed no such bands in 2: 2 : 4-trimethylpentane solution, and the very weak 
absorption obtained (which may be partly due to impurities) was an order of magnitude 
less than that found by the Indian workers (¢3;;9 = 0-0035). There thus seems to be no 
evidence for a singlet-triplet transition of thiophen in this region. This further illustrates 
the difficulties involved in observing unperturbed singlet-triplet absorption bands. 

Nitric Oxide Perturbation.—The absorption spectrum of nitric oxide dissolved in benzene 
is shown in Fig. 2. The well-defined maxima occur at wavelengths almost exactly the 
same (within experimental error) as those previously observed with oxygen.2*%® There 
can thus be little doubt that they are, in fact, due to a magnetically perturbed singlet— 
triplet transition of the benzene molecule. More bands are observed than with oxygen 
(although the intensity is less), since the background (non-triplet) absorption ? is shifted to 
considerably shorter wavelengths. 

Ross and Kasha originally studied the ultraviolet absorption of nitric oxide in 
dimethylaniline and anisole. The absorption tails observed in the region 3000—4000 A 
were regarded as arising from a perturbed singlet-triplet transition. However, it seems 
much more likely that these spectra, like the strong absorption with oxygen, are actually 
charge-transfer spectra, on the basis of the comparatively very high intensity, lack of fine 
structure which can be correlated with known triplet levels, and similarity to the spectra 
obtained with acceptor molecules such as sulphur dioxide, trinitrobenzene, and iodine. 
In other words, oxygen and nitric oxide have a dual function, being both paramagnetic and 
electron accepting. 


The author thanks Professor M. Kasha and Dr. R. McWeeny for helpful correspondence. 


INORGANIC CHEMISTRY RESEARCH LABORATORIES, 
IMPERIAL COLLEGE, Lonpon, S.W.7. (Received, April 15th, 1957.) 

17 Hameka, Thesis, Leiden, 1956. 

18 Reid, J. Chem. Phys., 1950, 18, 1673; Kasha and Reid, unpublished work. 
o tae McWeeny and Peacock, Proc. Phys. Soc., 1957, 70, A, 41; personal communication from Dr. 
McWeeny. 

*° Kasha, Discuss. Faraday Soc., 1950, 9, 14; Halverson and Hirt, J. Chem. Phys., 1951, 19, 711; 
Stephenson, ibid., 1954, 22, 1077. 

#1 Padhye and Desai, Proc. Phys. Soc., 1952, 65, A, 298. 

22 Ross and Kasha, unpublished work. 

*3 Orgel, Quart. Reviews, 1954, 8, 422. 
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773. Steroid Sulphates. Part I. Some Solvolytic Reactions of 
the Salts of Steroid Sulphates. 


By JEAN McKenna and J. K. NoRYMBERSKI. 


The pyridinium and potassium sulphate of cholesterol and cholestan-38-ol 
were converted into their parent alcohols by solvents containing a hetero- 
atom with a relatively readily available lone pair of electrons. Within a 
group of ethers, increasing basicity of the solvent facilitated the reaction. 
Solvolysis in ethers was accompanied by the release of one equivalent of 
acid; ethanolysis proceeded without change of pH. In dioxan, cestrone 
pyridinium sulphate was much more readily solvolysed than the corre- 
sponding derivatives of cholesterol and cholestan-38-ol. 


Hypro_ysis of steroid hydrogen sulphates by aqueous acids’? and by enzymes? has 
received considerable attention, largely in connection with problems attaching to the 
isolation of steroids from biological materials. Little information is available concerning 
solvolytic cleavage of compounds of this class. Butenandt and Hofstetter? noted 
decomposition of cestrone sodium sulphate (I; Y = Na) in hot organic solvents. Grant 
and Beall* made the more specific observation that, on dissolution in dioxan, the salt 
(I; Y = Na) is rapidly converted into cestrone and that the solvolysis is inhibited by 
excessive amounts of water or alcohol. Cohen and Oneson ® extended the reaction with 
dioxan to the cleavage of sodium sulphates of non-phenolic steroid alcohols. 


¥* ~0,5-0 Y*0,S-0 
() (11) (III) 





The pyridinium sulphates of cestrone, cholesterol, and cholestan-38-ol (I; II; and III 
severally; Y = C;H;NH) were prepared from the parent alcohols with pyridine-sulphur 
trioxide in chloroform at room temperature, t.e., by a modification of Sobel and Spoerri’s 
procedure.* Ina series of preliminary experiments, a selection of which is given in Table 1, 
the pyridinium salts (II and III; Y = C;H,;NH) and the corresponding potassium salts ® 
were treated with various solvents with and without heating. Although these experiments 
were not carried out under strictly comparable conditions, they nevertheless reveal some 
gross differences in reactivity. 

Conversion of the salts (II and III) into their parent alcohols proceeded most readily 
in dioxan: although cholestan-38-yl potassium sulphate (III; Y = K) remained unchanged 
in dioxan at room temperature, quantitative conversion into cholestan-36-ol was effected 
by heating the suspension for a few minutes. At completion of the reaction one equivalent 
of acid was liberated: potassium hydrogen sulphate was isolated from the potassium salts 
(IIand III; Y = K). Although dry dioxan was used in these experiments, no precautions 
were taken to exclude traces of water. It is clear that at least an equimolar amount of 
water was present. In contrast to the ready solvolysis of the salts (II and III), their 


1 Katzman, Straw, Buehler, and Doisy, Recent Progr. Hormone Res., 1954, 9, 45; and references 
therein. 


* Roy, Biochem. J., 1956, 62, 41; and references therein. 


* Grant and Beall, Recent Progr. Hormone Res., 1950, 5, 307. 
5 Cohen and Oneson, J. Biol. Chem., 1953, 204, 245. 
* Sobel and Spoerri, J. Amer. Chem. Soc., 1941, 68, 1259. 
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fully covalent derivatives, cholesteryl methyl sulphate and cholestan-36-yl methyl 
sulphate, are stable in dioxan under comparable conditions.” 

Among the solvents listed in Table 1, NN-diethylformamide was, next to dioxan, most 
effective in bringing about the cleavage of cholesteryl potassium sulphate (II; Y = K). 


TABLE 1. Some solvolytic reactions of the pyridinium and potassium sulphates of 
cholestan-38-ol and cholesterol. 


Reaction (%) * of 


cholestan-3f-yl cholesteryl 
Solvent Condns.t| C,;H,NH sulphate { K sulphate {| C,H,NH sulphate t K sulphate { 

DIOEBR  ccsveassecssessecs A 70 § 0§ 100 § 95 § 
NN-Diethylformamide A — —_ — 85 
ROOUES . ccccccessvconceses A 5 5§ 25 5§ 
Pyridi { A 0 0 10 0 

WORTERR, eceveresscccotonicn B 95 95 100 100 
ae | criccssassiceoness B 90 0§ 95 65 § 

. ; B 10—30 60 30 55 
WateE crccccocccccccesccces { c 20—75 90 90 80 
Gb sORREED .ccciccsecesece B 0 0§ 0 0§ 


* Based on the weight of the ether-soluble product and approximated to the nearest 5%. 

+ A, 20—24 hr. at room temperature; B, 8—10 hr. at b. p. or at 100°, whichever lower; C, as B 
but for 19 hr. 

¢t 0-005—0-03m-solutions or suspensions. 

§ Suspensions (at least initially). 


Chloroform proved completely inert towards the salts (II and III) even under vigorous 
conditions. In acetone, in pyridine, and in ethanol little if any reaction occurred at room 
temperature, but on heating for 8—10 hours complete solvolysis was effected in most 
instances. In contradistinction to the solvolysis in dioxan, ethanolysis and methanolysis 
of the salts (II and III) proceeded without change of the pH, #.e., in the case of potassium 
salts in a neutral medium. This is consistent with a transesterification mechanism and 
in analogy to the transesterification® between potassium ethyl sulphate and higher 
aliphatic alcohols. 

Aqueous solutions of the salts (II and III) were stable at room temperature. On 
heating, however, reaction occurred in all instances and apparently more readily with the 
neutral potassium salts than with the acidic pyridinium salts (see Table 1), an indication 
that cleavage was not primarily due to acid hydrolysis. Cleavage of salts (II and III) in 
organic solvents gave essentially pure parent alcohols; in hot water the pyridinium and 
potassium sulphate of cholestan-38-ol likewise gave pure cholestan-38-ol, the corresponding 
derivatives of cholesterol gave however a mixture of products containing only ca. 50% of 
cholesterol. It is therefore likely that fission of the C;~O bond occurred in the latter 
reaction. The yields of cholestan-38-ol obtained from cholestan-38-yl pyridinium sulphate 
in hot water varied within a wide range when the reaction was repeated under apparently 
identical conditions. Even more surprisingly, it was found that irrespective of the yield 
of the ether-extractable product the reaction was accompanied by the liberation of 0-8—1-0 
equivalent of acid. 

Comparison of the ease of solvolysis of cholestan-38-yl pyridinium sulphate (IIT; 
Y = C,;H,;NH) by ethers in chloroform (see Table 2) established the following order of 
decreasing reactivity : dioxan and tetrahydrofuran > diethyl ether > diisopropyl ether > 
anisole, i.¢., the order of decreasing availability of the lone pair of electrons.® A 


7? McKenna and Norymberski, J., following paper. 

* Brodersen and Quaedvlieg, G.P. 606,083. 

* Brown and Adams, J. Amer. Chem. Soc., 1942, 64, 2557; Brown and Horowitz, tbid., 1955, 77, 
1731. 
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hypothetical reaction mechanism accounting for the part played by the ethers is represented 
by equations (la) and (1b). Ethanolysis is similarly represented by (2a) and (2b). 


c—d—so;r —> c-oO + soy rs ee 
t Pm 
oO. — 
R” “R 
4 R 
‘o-soy + HO —> ‘o + H* + HSOF + +s  - (Ib) 
R i 
c—o1-sor -—» co + 907 re ees pee 
7 ty 
Oo. eon 
Et” “H : 
Et - 
‘oo SOF —» Et- O-SO; + H* » oe we . “a wi (2b) 
H 


(Estrone pyridinium sulphate (I; Y = C;H,;NH) reacted in dioxan-chloroform much 
more rapidly than the corresponding derivatives of cholesterol and cholestan-38-ol (Table 3). 
This is consistent with the reaction step (la) since it can be expected that the displacement 


a) 
O—S is facilitated by the attachment of the oxygen atom to an aromatic nucleus. 


TABLE 2. Solvolysis of cholestan-38-yl pyridinium sulphate by ethers in chloroform.* 


Reaction (%) + after Reaction (%) ¢ after 
Ether hr. 40hr. 140hr. Ether 40 hr. 140 hr. 
DIOREM  ccccccccccccoscecs 72 -— o Diisopropy]l ether ...... 0 8 
Tetrahydrofuran ...... 69 —_ _— AMIBON! 2.0006. .ccccecceee 0 <i 
Diethyl ether ............ —- 21 71 


* 0-005m-Solutions in ether-chloroform (1:3; v/v) at 21° + 1°. 
t+ Based on wt. of ether-soluble product. 


TABLE 3. Solvolysis of the pyridinium sulphates of cestrone, cholesterol, and 
cholestan-38-ol in dioxan-chloroform.* 


Pyridinium Reaction (%) ¢ after Pyridinium Reaction (%) ¢ after 

sulphate of 25hr. 4hr. 5 hr. sulphate of 25hr. 4hr. 5 hr. 
CHBETOME. <ccecccsenccoosece 100 — = Cholestan-3f-ol ......... 8 ll 14 
COESSEEEGE oc cccccccveeeee 16 23 28 


* 0-007m-Solutions in dioxan—chloroform (1:4; v/v) at 25° + 1°. 
+ Based on wt. of the ether-soluble product. 


Finally, two observations are noted which are important for the interpretations of 
some reactions of cholesteryl methyl sulphate and cholestan-38-yl methyl sulphate.’ 
(i) Cleavage of cholesteryl potassium sulphate (II; Y = K) by boiling ethanol was almost 
completely suppressed by the addition of potassium acetate; (ii) the pyridinium salts 
(II and III) were tenaciously retained on neutral alumina. 


EXPERIMENTAL 


Unless otherwise specified, m. p.s were determined on a Kofler stage, rotations in CHCl, 
at 15—20°. 

Cholesteryl Pyridinium Sulphate (I1; Y = C,;H,NH).—Cholesterol (200 mg.) in chloroform 
(5-0 ml.; distilled from P,O,;) was shaken with pyridine-sulphur trioxide (500 mg.) for 2 hr. at 
room temperature. Surplus reagent was filtered off and washed with a little chloroform. 
The filtrate and washings were combined, cooled to 0°, and freed from any precipitated material. 
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Hot light petroleum (b. p. 60—80°) was added until a cloudiness appeared; on cooling, chole- 
steryl pyridinium sulphate crystallised in prisms, m. p. 158—160° (175—178° in a capillary 
tube), [a], —27° (¢ 1-16). Sobel and Spoerri * reported m. p. 179°, [«]p — 24”. 

The product gave a positive test for halogen. It had an alkali equivalent of 664 (calc. for 
C,.H;,NSO,,CHCl,: 665) which decreased very slowly when the compound was kept in a 
vacuum-desiccator. For analysis, a sample was recrystallised from methylene dichloride— 
acetone, and dried in a high vacuum for 100 hr. at room temperature (Found: S, 5-3; N, 3-2%; 
equiv., 550. Calc. for C,,H;,O,NS: S, 5-9; N, 2-6%; equiv., 546). 

In subsequent preparations it was found advantageous to work up the mixture by filtering 
it through a column of cellulose powder. 

Cholesteryl Potassium Sulphate (II; Y = K).—This compound was prepared from the 
corresponding pyridinium salt in the usual manner.* It had m. p. 226—227° (decomp.) (Found: 
S, 68; K, 7-8. Calc. for C,,H,,0O,SK: S, 6-35; K, 7-7%). Sobel and Spoerri * recorded 
m. p. 210° and 239°. 

Cholestan-38-yl Pyridinium Sulphate (III; Y = C;H,;NH).—Cholestan-38-ol, treated 
with pyridine—sulphur trioxide as described above, gave cholestan-38-yl pyridinium sulphate. A 
sample dried in a high vacuum for 24 hr. at room temperature had m. p. 165—169° (178—180° 
in a capillary tube), [a])» +17° (c 0-90) (Found: C, 59-3; H, 8-2; N, 2-35; S, 4-8. 
C,.H;,0,NS,CHCI, requires C, 59-4; H, 8-2; N, 2-1; S, 48%). 

Cholestan-38-yl Potassium Sulphate (III; Y = K).—This compound was obtained from the 
pyridinium salt in the usual manner.* It had m. p. 234—235° (decomp.) (Found: K, 7-9. 
Calc. for C,,H,,SO,K: K, 7-7%). Sobel and Rosen ?° recorded m. p. 236°. 

CEstrone Pyridinium Sulphate (I; Y = C,;H;NH).—This compound was prepared from 
cestrone by the method given above but in 25 ml. of chloroform. Crystallised from chloroform-— 
n-hexane it had m. p. 170—175°, [a]p + 84° (c 0-96); it gave a positive test for halogen (Found: 
N, 2-6; S, 5-4. Calc. for C,,H,,0;NS,CHCI,: N, 2-55; S, 58%). Butenandt and Hofstetter ° 
recorded m. p. 173—175°, [a]p +84°. 

Solvolytic Reactions——Solvents were purified by distillation preceded by the following 
treatments. Chloroform: kept over phosphoric oxide, distilled, and refluxed with anhydrous 
potassium carbonate. Acetone: refluxed with potassium permanganate, distilled, and refluxed 
with anhydrous potassium carbonate. Ethanol and dioxan: refluxed with sodium. Tetra- 
hydrofuran, diethyl ether, diisopropyl ether, and anisole: kept over calcium hydride. Pyridine: 
kept over potassium hydroxide. The pyridinium salts of the steroid sulphates were kept in a 
vacuum-desiccator. Owing to their varying content of solvent of crystallisation, the composi- 
tion of each salt was determined before each series of experiments by titration with 0-01N- 
sodium hydroxide and/or by measuring the quantity of the parent alcohol obtained by complete 
cleavage of the salts with hot dioxan. For each experiment 50—100 mg. of the appropriate 
salt were taken. Unless otherwise indicated, the reaction mixtures were worked up by extrac- 
tion with ether. The yields were calculated on the basis of the established composition of the 
salts and of the weight of the ether-soluble products. The products were identified by m. p.s 
and mixed m. p.s. A few examples are given below. 

Cleavage of Cholesteryl Pyridinium Sulphate-——(i) In acetone. The compound (60 mg.) 
dissolved in acetone (25 ml.) when shaken for 20 min. The solution was left for 4 days at room 
temperature then worked up. Cholesterol (31 mg., 89%), m. p. 146—148°, was isolated. 
When the solution was heated for 5 hr. cholesterol was obtained in theoretical yield. (ii) 
In ethanol. The compound (138 mg.) in ethanol (6 ml.) was heated under reflux for 3hr. The 
solution was cooled, diluted with water (5 ml.), and titrated with 0-01N-sodium hydroxide 
(phenolphthalein). The alkali equivalent was identical with that of unchanged material. The 
usual working up gave cholesterol (76 mg., 95%), m. p. 146—147-5°. 

Cleavage of Cholesteryl Potassium Sulphate—(i) In dioxan. The compound (200 mg.) 
dissolved rapidly in hot dioxan (10 ml.), an amorphous precipitate being formed. After 10 
minutes’ heating under reflux, the mixture was diluted with light petroleum (40 ml.), and 
filtered through sintered glass. The precipitated potassium hydrogen sulphate (52 mg.) had 
m. p. and mixed m. p. 192—194° (Found: S, 23-2; K, 27-95%; equiv., 136. Calc. for KHSO,: 
S, 23-5; K, 28-7%; equiv., 136). The filtered dioxan—light petroleum solution was evaporated 
to dryness. The residue (153 mg., 100%) was identified as pure cholesterol, m. p. 146—148°. 
(ii) In tetrahydrofuran. The compound (50 mg.) and tetrahydrofuran (20 ml.) were heated 


10 Sobel and Rosen, ibid., 1941, 68, 3536. 
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under reflux for 10 min. The precipitated potassium hydrogen sulphate was filtered off and 
the filtrate evaporated in vacuo. The oily residue was chromatographed on neutral alumina. 
Benzene-ether (9:1, v/v) eluted cholesterol (35 mg., 92%), m. p. 146—147°. (iii) In ethanol. 
The compound (60 mg.) and ethanol (10 ml.) were heated under reflux for 36 hr. Worked up in 
the usual manner the neutral solution gave cholesterol (43 mg., 100%), m. p. 145—147°. The 
same experiment, but in the presence of potassium acetate (75 mg.), gave only a trace of 
ether-soluble product. (iv) In water. The compound (60 mg.) and water (10 ml.) were heated 
on a boiling-water bath for 19 hr. The mixture required for neutralisation a quantity of 
0-01N-alkali corresponding to one equivalent of acid. The ether-extract (36-5 mg.) was 
chromatographed on neutral alumina; benzene-ether (9:1, v/v) eluted cholesterol (20 mg.), 
m. p. 147—149°. 

Cleavage of Cholestan-38-yl Pyridinium Sulphate.—(i) In ethanol. The compound (100 mg.) 
and ethanol (5 ml.) were heated under reflux for 4 hr. The solution was concentrated in vacuo 
and cooled. Cholestan-38-ol (52 mg., 90%) crystallised in plates, m. p. 140—142°. Ina 
similar experiment the mixture was diluted with water and neutralised with 0-01N-alkali 
(phenolphthalein). The equivalent was identical with that of starting material. Extraction 
with ether gave pure cholestan-38-ol in 85% yield. (ii) In methanol. The compound (60 mg.) 
and methanol (10 ml.) were heated under reflux for 20 hr. The mixture required for neutralis- 
ation the same amount of alkali as the starting material. The usual working up gave cholestan- 
38-ol (27 mg., 86%), m. p. 137—141°. (iii) In water. The compound (60 mg.) and water 
(10 ml.) were heated on a boiling-water bath for 19 hr. Titration with 0-01N-alkali (phenol- 
phthalein) detected the liberation of 1-0 equivalent of acid. Extraction with ether gave 
cholestan-38-ol (6-4 mg., 18%), m. p. 124—127° (139—142° after drying at 100°). Ina further 
experiment cholestan-38-ol was obtained in 74% yield. When in an identical experiment the 
reaction was stopped after 4 hr., only 6% of ether-extractable material was isolated, although 
0-8 equivalent of acid was liberated. 

Cleavage of Cholestan-38-yl Potassium Sulphate.—(i) In dioxan. The compound (65 mg.) 
and dioxan (10 ml.) were heated under reflux for 10 min. Neutralisation required alkali 
corresponding to 1 equivalent of acid. Extraction with ether gave cholestan-38-ol (50 mg., 
100%), m. p. 139—142°. (ii) Im ethanol. The compound (60 mg.) and ethanol (10 ml.) were 
heated under reflux for 94 hr. and gave cholestan-38-ol (43 mg., 95%), m. p. 139—142°. 


We are indebted to Mr. R. D. Stubbs for help with some of the experiments. One of us 
(J. K. N.) was the holder of an Empire Rheumatism Council Research Fellowship. 


CHEMICAL RESEARCH LABORATORY, RHEUMATISM RESEARCH UNIT, 
NETHER EDGE HOspPITAL, SHEFFIELD, 11. [Received, April 24th, 1957.] 





774. Steroid Sulphates. Part II.* Cholestan-38-yl Methyl 
Sulphate and Cholesteryl Methyl Sulphate. 


By JEAN McKENNA and J. K. NORYMBERSKI. 





Cholestan-38-yl methyl sulphate (V) and cholesteryl methyl sulphate 
(XI) were prepared by the action of diazomethane on cholestan-38-yl 
(I; Y = C;H,NH) and cholesteryl pyridinium sulphate (X; Y = C;H,;NH) 
respectively. Strongly nucleophilic agents attacked both esters preferen- 
tially at the methyl-carbon atom. With polar solvents, the saturated ester 
(V) reacted at both the methyl-carbon atom and at the 3-carbon atom, the 
5 : 6-unsaturated ester (XI) at the latter position only. 


ASYMMETRIC neutral esters of sulphuric acid have been prepared by the interaction of 
alkyl chlorosulphonates with sodium alkoxides,’ and of asymmetric ethers with sulphur 
trioxide,? and by oxidation of sulphites.* As already briefly reported,* a new route to 


* Part I, preceding paper. 
1 (a) Bushong, Amer. Chem. J., 1903, 30, 316; (b) Bert, Compt. rend., 1924, 178, 1182; Thayer, J. 
Amer. Chem. Soc., 1924, 46, 1044. 
2 Houben and Arnold, Ber., 1907, 40, 4306. 
* Garner and Lucas, J. Amer. Chem. Soc., 1950, 72, 5497. 
* McKenna and Norymberski, Chem. and Ind., 1954, 961. 
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this class of compound was found in the action of diazomethane on pyridinium sulphates 
of steroid alcohols. 

Cholestan-38-yl pyridinium sulphate (I; Y = C,H,;NH) with diazomethane readily 
gave cholestan-38-yl methyl sulphate (V) whose formulation was fully confirmed by the 
properties now reported. In the same way cholesteryl methyl sulphate (XI) was prepared 
from cholesteryl pyridinium sulphate (X; Y = C,H;NH). 

The saturated ester (V) reacted rapidly with sodium iodide in acetone, to give cholestan- 
38-yl sodium sulphate (I; Y = Na) in almost theoretical yield. The corresponding 
potassium salt (I; Y = K) was formed with equal ease by the action of methanolic 
potassium hydroxide on the ester (II). The ester (V) and pyridine in ether rapidly formed 
cholestan-36-yl 1-methylpyridinium sulphate (IV) in which the cation was readily replaced 
by potassium. The compound (IV) was further characterised by catalytic hydrogenation 
followed by treatment with alkali, whereupon cholestan-38-yl sodium sulphate (I; Y = Na) 
and 1-methylpiperidine (VIII) (identified as its picrate) were isolated. Sodium iodide, 
methanolic potassium hydroxide, and pyridine reacted with apparently equal ease with 
cholesteryl methyl sulphate (XI), to give respectively cholesteryl sodium sulphate (X; 
Y = Na), the potassium salt (X; Y=K), and the 1l-methylpyridinium salt (VII). 
Catalytic hydrogenation of the last compound followed by treatment with alkali gave 
cholestan-38-yl sodium sulphate (I; Y = Na) and 1-methylpiperidine (VIII) (identified 
as its picrate). 

Both esters (V and XI) decomposed on contact with neutralised alumina, though to 
different extents. Approximately 25% of the former was recovered unchanged from an 
alumina column; of the remainder ca. 15% was readily eluted from the column; the 
product had m. p. 69—71°, [«], +60°, and was identified as a mixture of cholest-2- (ITI) 
and -3-ene (VI) by comparison with the 1:1 mixture (m. p. 71-5—73-5°, [a], +61°) 
obtained from cholestan-3$-yl toluene-f-sulphonate in boiling methanol;® a second 
product (ca. 10%) eluted from the column was identified as cholestan-3a-ol (IX; R = H). 
Cholesteryl methyl sulphate (XI) was completely decomposed on alumina, giving three 
products: (i) a readily eluted, unidentified oil (ca. 5%), probably a mixture of olefins, 
which, from spectroscopic evidence, contains a substantial proportion of a heteroannular 
diene (3: 5-diene ?); (ii) cholesterol (XIII) (25%); (iii) 3 : 5-cyclocholestan-68-ol (XIV; 
R = H) (ca. 50%). The last had [«], +50° whereas [«], +24° and +27° were previously 
reported; ® a specimen, prepared by us in the usual manner ® from cholesteryl toluene-p- 
sulphonate, had [a], +49° to +651°. Attempted crystallisation from commercial 
“absolute” ethanol brought about quantitative conversion into 38-ethoxycholest-5-ene 
(XII; R= Et). Since these observations were made, Kosower and Winstein ’ reported 
[a]» +50° for 3 : 5-cyclocholestan-66-ol. 

In each of the above experiments the remainder of the material could not be eluted 
from alumina—an indication that cleavage of the methyl ester linkage occurred, fol- 
lowed by the binding on alumina of the cholestan-3$-yl or cholesteryl sulphate ion formed. 
Since under comparable conditions the corresponding pyridinium salts (I and X; 
Y = C;H,;NH) were almost completely retained on alumina,® it follows that the products 
isolated are derived by initial fission of the C—O bond or of the adjacent O-S bond. 
The latter fission could not lead to elimination, inversion, or 3 : 5-cyclo-rearrangement; 
that it takes place in the formation of cholesterol (XIII) from (XI) is unlikely since 
heterolysis of the C,~O bond occurs much more readily in the cholest-5-ene series than in 
the cholestane series. 

Cholestan-38-yl methyl sulphate (V) did not react with methanol at room temperature. 


5 Nace, J. Amer. Chem. Soc., 1952, 74, 5937. 

* (a) Beynon, Heilbron, and Spring, /., 1937, 1459; (6) Wallis, Fernholz, and Gephart, J. Amer. 
Chem. Soc., 1937, 59, 137. 

* Kosower and Winstein, ibid., 1956, 78, 4347. 

® McKenna and Norymberski, preceding paper. 
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However, in boiling methanol it readily formed the olefin mixture (III + VI) (LO—15%), 
3a-methoxycholestane (IX; R = Me) (40—45%), and cholestan-38-ol (II) (ca. 40%). 
The last compound is thought to be formed by fission of the methyl ester linkage followed 
by the solvolysis of the cholestan-38-yl sulphate ion (I).8 As expected,® the latter step 
was supressed when the reaction was performed in the presence of potassium acetate: 
cholestan-3$-yl potassium sulphate (I; Y = K) (ca. 65%), the olefin mixture (III + VI) 








(IV) 
ne NMe os = ————> C,H, NMe 

“0,5: Oo (VIII) 
(VII) (IX) 
AW 

*-0,S-0 RO 

~ J (X11) 
(XIII) (XIV) OR 


(ca. 10%), and 3a-methoxycholestane (IX; R = Me) (ca. 20%) were isolated. Two 
small chromatographic fractions, eluted from alumina after (IX; R = Me), exhibited 
infrared absorption spectra which indicated the presence of 32-acetoxy- (IX; R = Ac) 
and 3a-methoxy-cholestane (IX; R = Me), but failed to reveal the presence of 36- 
methoxycholestane.* 

In boiling aqueous acetone the ester (V) gave the olefin mixture (III + VI) (ca. 15%), 
cholestan-32-ol (IX; R =H) (ca. 40%), and cholestan-38-ol (II) (ca. 5%). A further 
quantity (ca. 25%) of the’ last product was obtained by treating with acid the water- 
soluble reaction product (in all probability cholestan-38-yl hydrogen sulphate). In the 
presence of potassium acetate, cholestan-38-yl potassium sulphate (I; Y = K) was the 
main product (ca. 75%); the olefin mixture (III + VI) and cholestan-3e-ol (IX; R = H) 
were isolated in small quantities (ca. 10% each). Finally, acetolysis of the ester (V) in 
the presence of potassium acetate, followed by alkaline hydrolysis, gave the usual mixture 
of (III and VI) (ca. 55%), cholestan-32-ol (IX; R =H) (ca. 35%), and cholestan-36-ol 


* For this investigation we are indebted to Dr. A. E. Kellie, Courtauld Institute of Biochemistry. 
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(II) (ca. 5%). The last compound could well arise by initial reaction of the methyl-carbon 
atom followed by rupture of the O-S bond, as it has been shown ® that treatment of 
cholestan-38-yl sodium sulphate (I; Y = Na) with silver acetate in acetic acid leads to a 
mixture of the 38-ol (II) and its acetate. 


Reactions of MeO*SO,°OR. 


Reaction (%) * 


R = cholestan-3£-yl R = cholesteryl 
Treatment at Me at Cy) at Me at Cys) 
NeE-OCGGOMS ccoccocccesscccecccvscccccescoseseccess 95 _— 100 -- 
PORE -BEGOEI FEO cccccccsccscscccosccccescosess 90 _ 90 _— 
Pyridine—ether .......cccccccccccccccccccccsccccees 85 _ 100 _ 
IIIIED. cccccaseserescocecescoccsessscssossbeosensoos 75 (?) 25 20 (?) 80 
BIIRIEE ceccescticccoccescsccscsoosscesvonccossosccosnse 40 50—60 —- — 
MINUTE cscccccseccoscovescecosceccsesessensbesvecsscese — — — 100 
BEOGEETEORS caccvcccccccsceseccccccsacseccscose 65 30 ~- 90 
ABROREAHO 2 .cccccccvcsccccccscecscccccosesccccces 30 60 — 85 
AGCHORSTILO-ROAC  cccccccecccccccccccescccece 75 20 oa —_— 
TIE set eatenchcincisestcicuscianisisscncssssecenics — - _- 95 
DTI CNG css cen cescnccsisaneiventstedesesasers 5 85 -- 90 


* Based on isolated products and approximated to the nearest 5%. 


Solvolytic reactions of cholesteryl methyl sulphate (XI) proceeded with great ease and, 
in most instances, with the formation of a single product. The ester (XI) in boiling ethanol 
gave 38-ethoxycholest-5-ene (XII; R = Et), in glacial acetic acid at room temperature 
it gave 38-acetoxycholest-5-ene (XII; R = Ac), and in boiling aqueous acetone it gave 
cholesterol (XIII)—all in excellent yield (85—100%). The products of ethanolysis and 
acetolysis unequivocally indicate that fission of the C—O bond occurred primarily, since 
initial attack on the methyl side would have led, via the cholesteryl sulphate ion (X), to 
cholesterol (XIII).* It is assumed that, by analogy with ethanolysis and acetolysis of the 
ester (XI), its hydrolysis in aqueous acetone is brought about also by initial fission of the 
Cyy-O bond. 

The ester (XI) reacted readily with potassium acetate in methanol to give 68-methoxy- 
3 : 5-cyclocholestane (XIV; R = Me) in high yield. With potassium acetate in glacial 
acetic acid at room temperature it gave a mixture which was almost quantitatively eluted 
with light petroleum from alumina without satisfactory resolution. However, after 
alkaline hydrolysis, 3 : 5-cyclocholestan-68-ol (XIV); R =H) (ca. 65%) and cholesterol 
(XIII) (ca. 259%) were easily separated. The evidence presented suggests that the 
cholesterol isolated is derived from hydrolysis of its acetate and hence that here again 
only fission of the C,,-O bond was demonstrated. 

Simple symmetric dialkyl sulphates react with strongly nucleophilic agents in two 
steps (1) and (2), both of which obey second-order kinetics }*" and proceed at rates 
decreasing in the order Me > Et > Pr, in close analogy to the corresponding reactions 
of alkyl halides, and in conformity with the requirements of the reaction mechanism of a 
bimolecular nucleophilic substitution (Sy2).12_ Reaction (1) is fast, reaction (2) is slow 
owing to repulsion of like ions. 


> aa 
ROGDOR—w ROO FAK 2. te 


x- 
R-O-SO,— SS so,- + RX . . . . . . . . . . (2) 


Under comparable conditions, asymmetric neutral sulphates have been reported * 8 
to undergo reaction (1) more readily at the more electron-deficient of the two a-carbon 


® Lieberman, Hariton, and Fukushima, ]. Amer. Chem. Soc., 1948, 70, 1427. 

10 Green and Kenyon, J., 1950, 1389, 1589; and references therein. 

11 Foster, Hancock, Overend, and Robb, /., 1956, 2589. 

12 Cf. Ingold, “‘ Structure and Mechanism in Organic Chemistry,” G. Bell, London, 1953. 

13 Houben and Arnold, Ber., 1908, 41, 1565; Lichtenberger and Durr, Bull. Soc. chim. France, 1956, 
664. : 
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atoms. This is strikingly so in the cases of cholestan-38-yl methyl sulphate (V) and 
cholesteryl methyl sulphate (XI), both esters being attacked by strongly nucleophilic 
agents practically exclusively at the methyl-carbon atom in preference to the highly 
substituted secondary Cg-atom. Since there is little doubt that these reactions are of 
the Sx2 type, it follows that, under any reaction conditions, initial substitution at Ci) of 
(V) or (XI) cannot proceed to any appreciable extent by the Sy2 mechanism. 

The solvolytic reactions of cholestan-38-yl methyl sulphate (V) reveal a common 
pattern: initial reaction occurred to varying extents at the Me—O bond and at the C@-O 
bond (see Table). Cleavage of the Me—O bond led to the cholestan-38-yl ion (I) which, 
under appropriate ccnditions,* was further transformed into the 38-ol (II); cleavage of 
the Cis~O bond gave invariably cholest-2-ene (III), cholest-3-ene (VI), and the 3-sub- 
stitution product. The evidence presented strongly suggests that 3-substitution was 
accompanied by complete inversion of configuration. Since the Sy2 mechanism was 
essentially blocked by the competitive demand of the methyl group, it follows from the 
dualistic theory of the mechanism of nucleophilic aliphatic substitution }* that the above 
reactions at Cis, proceed by the unimolecular mechanism (Syl). Relevant to this con- 
sideration is the recent kinetic investigation? of the methanolysis of cholestan-36-yl 
toluene-p-sulphonate which is known * to proceed with complete inversion at Cy): it was 
found that the reaction is of first order with respect to the toluene-f-sulphonate and that 
its rate is independent of methoxide concentration; its steric course was attributed to the 
formation of a solvated intermediate.15 

The solvolytic reactions of cholesteryl methyl sulphate (XI), in contradistinction to 
those of the saturated ester (V), gave only products of CO cleavage. The requirement 
of a unimolecular mechanism for this group of reactions agrees with established views 
on the mechanism of the corresponding reactions of cholesteryl halides and sulphonates.*® 

It is suggested that methyl sulphates of highly substituted asymmetric alcohols are 
convenient experimental models for the study of the steric course of substitutions for 
which the Sy2 mechanism has been virtually ruled out. 


EXPERIMENTAL 


M. p.s were determined on a Kofler stage. Rotations were measured in CHCl, (at 13—20°), 
ultraviolet absorption spectra in EtOH. Specimens for analyses were dried in a high vacuum, 
for 4—12 hr. at 50—80°. For chromatography Peter Spence’s grade H alumina was neutralised 
as described previously.17 Reaction products were identified by m. p.s. Deviations from 
these procedures are indicated. 

Cholestan-38-yl Methyl Sulphate (V).—Preparation. Excess of ethereal diazomethane was 
added to a solution of cholestan-38-yl pyridinium sulphate (I; Y = C;H;NH) (1-5 g.) * in 
chloroform-ether (2:1, v/v; 300 ml.). After 1 min. at room temperature chilled ether (200 ml.) 
was added and the mixture washed successively with chilled 0-01N-hydrochloric acid (200 ml.), 
water (100 ml.), 0-01N-sodium hydrogen carbonate (200 ml.), and water (2 x 100 ml.). The 
extract was dried (Na,SO,) and evaporated. The residue was taken up in little ether, some 
insoluble material being removed; evaporation to dryness furnished cholestan-38-yl methyl 
sulphate (930 mg.), crystallising from n-hexane in needles, m. p. 115-5—116-5°, [a]) +21° 
(c 1-21) (Found: C, 69-2; H, 10-4; S, 6-9. C,,H;,0,S requires C, 69-7; H, 10-5; S, 6-6%. 
The specimen was dried in a high-vacuum overnight at room temperature). The reaction was 
carried out in methylene chloride—ether with equal success. 

The compound is stable in non-polar solvents. After 15 min. in hot dioxan it was recovered 
unchanged. 

Reaction with sodium iodide. Sodium iodide (90 mg.) was added to the ester (170 mg.) in 


* The specimen had an alkali-equivalent of 660 owing to solvation with chloroform; see ref. 8. 


14 Pappas, Meschino, Fournier, and Nace, J. Amer. Chem. Soc., 1956, 78, 1907. 

15 Cf. Doering and Zeiss, ibid., 1953, 75, 4733; Streitwieser, ibid., 1955, 77, 1117. 
16 Shoppee and Westcott, J., 1955, 1891; and references therein. 

17 Brooks and Norymberski, Biochem. J., 1953, 55, 371. 
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acetone (40 ml.). A precipitate was formed rapidly and was filtered off after 3 hr. in the dark 
(164 mg.) and was identified as cholestan-38-yl sodium sulphate, m. p. 173—175°. 

Alkaline hydrolysis. The ester (45 mg.) in ether (2 ml.) was treated with a n-solution of 
potassium hydroxide in aqueous methanol (90%; 3 ml.) at room temperature. Cholestan- 
38-yl potassium sulphate (43 mg.; m. p. 253°) separated immediately. 

Reaction with pyridine. On addition of pyridine (1 ml.) to the ester (100 mg.) in ether 
(20 ml.) a precipitate was formed rapidly and was separated after the mixture had remained 
overnight at room temperature. Crystallisation of the crude product (105 mg.; m. p. 188— 
192°) from diethylformamide—ethanol (because of ready solvolysis prolonged heating must be 
avoided) afforded pure cholestan-38-yl 1-methylpyridinium sulphate in needles, m. p. 175—177° 
(the m. p. varied within a wide range depending on the mode of crystallisation), [«], + 19° 
(c 0-98) (Found: N, 2-1; S, 5-7. C,3H;,O,NS requires N, 2-5; S, 5-7%). (a) Catalytic hydro- 
genation. Cholestan-3$-yl 1-methylpyridinium sulphate (140 mg.) and platinum oxide (25 mg.) 
in ethanol (20 ml.) were shaken with hydrogen at atmospheric pressure for 24 hr. The solution, 
freed from catalyst, was concentrated in vacuo to a small volume. Addition of 0-1N-sodium 
hydroxide (2-5 ml.) precipitated cholestan-38-yl sodium sulphate (104 mg.), m. p. 173—175°. 
Addition of picric acid to the filtrate precipitated 1-methylpiperidine picrate (15 mg.), m. p. 
208—-210° (decomp.). M. p. 222° was reported ** for this compound. (6) Reaction with 
potassium iodide. Cholestan-3$-yl 1-methylpyridinium sulphate (94 mg.) in water (10 ml.) 
was treated with excess of aqueous potassium iodide, then cooled to 0°, and the precipitate 
filtered off and washed with chilled water. Crystallisation from methanol afforded cholestan- 
36-yl potassium sulphate (75 mg.), m. p. 234°. 

Decomposition on alumina. The ester (96 mg.) was chromatographed on alumina (5 g.) in 
the usual manner. Light petroleum (b. p. 40—60°; 30 ml.) eluted a mixture (8 mg.; m. p. 
68—70°) of cholest-2- and -3-ene which after crystallisation from acetone had [a]) + 60° 
(c 0-64), m. p. 69—71° (authentic specimen prepared by methanolysis of cholestan-38-yl 
toluene-p-sulphonate 5 had m. p. 71-5—73-5°, [a]p +61°). 

Elution with 9: 1 (v/v) light petroleum—benzene (30 ml.) gave starting material (26 mg.), 
m. p. 112—114°. Benzene (20 ml.) eluted cholestan-3a-ol (5 mg.; m. p. 174—185°), m. p. 
183—185° after crystallisation from aqueous ethanol. More polar solvents failed to elute any 
further products. 

Methanolysis. The ester (190 mg.) in methanol (25 ml.) was heated under reflux for 12 hr. 
The solution was concentrated im vacuo, and the product (154 mg.) was extracted with ether 
and chromatographed on alumina (8 g.). Light petroleum (10 ml.) eluted a mixture (15 mg.) 
(of cholest-2- and -3-ene), m. p. 71—72°, [a]p +60° (c 0-73). The same solvent (10 ml.) eluted 
next unidentified material (20 mg.; [a], + 40°), probably a mixture of the preceding and the 
following fraction. Further elution with light petroleum (10 ml.) gave 3a-methoxycholestane 
(60 mg.; m. p. 60—64°), which, crystallised from aqueous acetone, had m. p. 64—66°, [a]p +23° 
(¢ 1-00). 4:1 (v/v) Benzene-ether (75 ml.) eluted cholestan-38-ol (61 mg.), m. p. 142°, [«]p 
+ 24° (c¢ 0-75). 

No reaction occurred when a methanolic solution of the ester was left at room temperature 
for 7 days. 

Methanolysis in the presence of potassium acetate. The ester (344 mg.) and anhydrous 
potassium acetate (520 mg.) in methanol (70 ml.) were heated under reflux for 15 hr. On 
cooling, cholestan-3$-yl potassium sulphate (230 mg.; m. p. 237—-239°) crystallised. From 
the filtrate more of this salt (10 mg.) and an ether-soluble oil (100 mg.) were isolated. The 
latter was chromatographed on alumina (5 g.). Elution with light petroleum (20 ml.) gave a 
mixture (23 mg.) (of cholest-2- and -3-ene), m. p. 68—71°, [a] +62° (¢ 1-10). The same solvent 
(40 ml.) eluted next 3a-methoxycholestane (60 mg.), m. p. 63—64°, [a]) +22° (c¢ 0-80). 
Exhaustive elution with light petroleum gave oil (6 mg.). This and a corresponding fraction 
from a second experiment were combined and rechromatographed on alumina (7 g.): two main 
oily fractions were separated. The infrared spectra of these, in carbon disulphide, were com- 
pared with those of pure 3a- and 36-methoxycholestane. Within the region associated with 
the ether-stretching vibration, the 3a-epimer had vmax, 1090 and the 38-epimer had vax, 1103 
cm. (with shoulder at 1094 cm.~'). The more readily eluted of the two chromatographic 
fractions had vmax, 1091 and 1732 cm.“* (C=O stretching), the second fraction had vmax, 1733 


18 Braun, Kiihn, and Goll, Ber., 1926, 59, 2337. 
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and a triplet band 1257, 1244, 1237 cm.-! characteristic of 3a-acetoxy-5«-steroids,’® but no 
significant absorption in the 1150—1050 cm.“ region. 

Hydrolysis in aqueous acetone. The ester (115 mg.) in 4:1 (v/v) acetone—water (25 ml.) 
was heated under reflux for 5 hr. Customary working-up gave ether-soluble material (63 mg.) 
which was chromatographed on alumina (4 g.). Light petroleum (20 ml.) eluted a mixture 
(14 mg.) (of cholest-2- and -3-ene), m. p. 70—72°, [a]p +61° (c 0-83). Light petroleum—benzene 
(1:1, v/v/; 70 ml.) eluted cholestan-3a-ol (39 mg.; m. p. 178—183°), m. p. 185-5—188°, [a]p 
-++ 25° (c 0-74), after crystallisation from aqueous ethanol. Benzene-ether (19:1, v/v; 30 ml.) 
eluted cholestan-38-ol (5 mg.), m. p. 138—141°. The aqueous phase and washings from the 
extraction with ether were combined, acidified to pH 1, and continuously extracted with 
ether for 24 hr. The dry extract (24 mg.; oil) gave from aqueous ethanol pure cholestan-38-ol 
(17 mg.), m. p. 138—143°. 

Hydrolysis in aqueous acetone in the presence of potassium acetate. The ester (200 mg.) and 
anhydrous potassium acetate (260 mg.) in acetone—water (4: 1, v/v; 50 ml.) were heated under 
reflux for 13 hr. On cooling, cholestan-38-yl potassium sulphate (159 mg.; m. p. 236—238°) 
crystallised. The filtrate was concentrated im vacuo and extracted with ether. The ether- 
soluble product (40 mg.) was chromatographed on alumina (4 g.). Light petroleum—benzene 
(19: 1, v/v; 20 ml.) eluted a mixture (16 mg.; oil) (of cholest-2- and -3-ene), m. p. 69—71°, 
[a]p +61° (c¢ 0-89), after crystallisation from aqueous acetone. Benzene (20 ml.) eluted 
cholestan-3a-ol (19 mg.; m. p. 182—185°), m. p. 186—188°, [«], +29° (c 0-82), after 
crystallisation from aqueous ethanol. 

Acetolysis in the presence of potassium acetate. The ester (125 mg.) and anhydrous potassium 
acetate (115 mg.) in acetic acid (13 ml.) were heated under reflux for 7 hr. The crude product 
(extracted with ether in the usual manner) was treated with N-potassium hydroxide in aqueous 
methanol (90%) for 1-5 hr. under reflux. The hydrolysed material (91 mg.) was chromato- 
graphed on alumina (5 g.). Light petroleum (40 ml.) eluted a mixture (52 mg.) (of cholest-2- 
and -3-ene), m. p. 69—71°, [a]) +60°(c 1-13). Light petroleum—benzene (9:1, v/v; 30 ml.) 
eluted a fraction (12 mg.; m. p. 60—81°) which on alkaline hydrolysis (as above) followed by 
chromatography on alumina (1 g.) gave, in the order of elution, cholestan-3a-ol (9 mg.; m. p. 
183—186°) and cholestan-38-ol (1 mg.; m. p. 139—141°). Light petroleum—benzene (1: 1, 
v/v; 40 ml.) eluted cholestan-3«-ol (24 mg.), m. p. 187°, [a]) +29° (c 0-82). Benzene—ether 
(9: 1, v/v; 20 ml.) eluted cholestan-38-ol (4 mg.), m. p. 142°. 

Cholesteryl Methyl Sulphate (X1).—Preparation. Cholesteryl pyridinium sulphate (X; 
Y =C;H;NH) was treated with diazomethane as described above. The crude cholesteryl 
methyl sulphate (m. p. 99-—101°) was obtained in 85% yield. Crystallisation from n-hexane 
gave needles changing spontaneously to prisms, m. p. 103—104° (decomp.; bright red melt), 
[«]p —32° (c 0-88) (Found: C, 69-7; H, 9-8; S, 6-7. C,,H,,0,S requires C, 70-0; H, 10-1; 
S, 6-7%. The specimen was dried in a high vacuum overnight at room temperature). 

A solution of the compound in dioxan became slightly acid after 15 minutes’ heating on a 
boiling-water bath. Unchanged material was recovered in 80% yield. 

Reaction with sodium iodide. The ester (50 mg.) was treated with sodium iodide as described 
above. Cholesteryl sodium sulphate (50 mg.) separated rapidly. It crystallised from methanol 
in needles, m. p. 184—185°. 

Alkaline hydrolysis. The ester (42 mg.) was treated with potassium hydroxide as described 
above. Cholesteryl potassium sulphate (39 mg.) separated immediately. After crystallisation 
from ethanol it had m. p. 225—226° (Found: S, 6-25; K, 7-4. Calc. for C,,H,,0,SK: 
S, 6-35; K, 7-7%). 

Reaction with pyridine. The ester (38 mg.) was treated with pyridine as described above. 

Cholesteryl 1-methylpyridinium sulphate (44 mg.) separated immediately as an amorphous 
precipitate. Since attempted crystallisation was unsuccessful the product was repeatedly 
washed with ether and dried, then having m. p. 165—167-5°, [a], —28° (¢ 0-90) (Found: 
N, 2-3; S, 5-4. C;,H,;,0,NS requires N, 2-5; S, 5-7%). (a) Catalytic hydrogenation. The 
1-methylpyridinium salt (270 mg.) and platinum oxide (124 mg.) in ethanol (35 ml.) were 
shaken with hydrogen at atmospheric pressure for 24 hr. Treatment as above gave cholestan- 
3f-yl sodium sulphate (150 mg.) and 1-methylpiperidine picrate (35 mg.). After crystallisation 
from methanol the former had m. p. 173—175°, [«]) +17° (c 0-60 in EtOH). The picrate, 


19 Jones, Humphries, Herling, and Dobriner, J. Amer. Chem. Soc., 1951, 78, 3215. 
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crystallised from ethanol, had m. p. 205—210° (decomp.) (Found: N, 17-1. Calc. for 
C,,H,,0,N,: N, 16-8%). (0) Ethanolysis. The 1l-methylpyridinium sulphate (120 mg.) 
in ethanol (8 ml.) was heated under reflux for 4 hr. Extraction with ether gave cholesterol 
(80 mg.), m. p. 146—147°, [a], —40° (¢ 1-59) (from aqueous ethanol). 

Decomposition on alumina. The ester (294 mg.) was chromatographed on alumina (15 g.) 
in the usual manner. Light petroleum (40 ml.) eluted an oil (12 mg.), [~], —33° (¢ 0-80), Amax. 
236 my (e 8150), which was not further investigated. The position of the absorption maximum 
indicates the presence of a heteroannular diene, possibly cholesta-3 : 5-diene. Benzene (50 ml.) 
and benzene-ether (9:1, v/v; 20 ml.) eluted 3: 5-cyclocholestan-68-ol (118 mg.; oil). 
Crystallisation from aqueous acetone gave needles, m. p. 73—75°, [a], + 50° (c 1-10) (Found: 
C, 84:3; H, 11-95. Calc. for C,,H,,O: C, 83-9; H, 12:0%). Authentic 3: 5-cyclocholestan- 
68-ol was prepared in 78% yield from cholesteryl toluene-p-sulphonate and potassium acetate 
in aqueous acetone; ®* after crystallisation from aqueous acetone it had m. p. 73—75°, [a] 
+49° (c 1-06). Crystallisation from ‘‘ absolute’’ ethanol of ‘‘ AnalaR’’ grade yielded 38- 
ethoxycholest-5-ene, m. p. 87—90°, [«], —37° (c 0-87). Crystallisation from purified ethanol 
(treated with sodium and distilled) and water at between —10° and 0° gave pure 3: 5- 
cyclocholestan-68-ol, m. p. 73—75°, [a]p +51° (¢ 1-19), without difficulty. 

Elution .with benzene-ether (1: 1, v/v; 70 ml.) gave cholesterol (60 mg.), m. p. 145—147°, 
[a]p —39° (¢ 1-12). 

Ethanolysis. The ester (128 mg.) in ethanol (5 ml.) was heated at reflux for 3 hr. On 
cooling, 38-ethoxycholest-5-ene (110 mg.; m. p. 84—87°) crystallised. Recrystallisation from 
ethanol furnished needles, m. p. 89—90°, [a], —39° (c¢ 1-01). 

When an ethanolic solution of the ester was left at room temperature for 5 days, 38-ethoxy- 
cholest-5-ene was obtained in 60% yield. 

Methanolysis in the presence of potassium acetate. The ester (400 mg.) and anhydrous 
potassium acetate (400 mg.) in methanol (20 ml.) were heated under reflux for 5 hr. Concen- 
tration im vacuo followed by extraction with ether gave 68-methoxy-3 : 5-cyclocholestane 
(306 mg.), plates, m. p. 77-5—80°, [a], +53° (¢ 1-71) (from acetone). 

Hydrolysis in aqueous acetone. The ester (115 mg.) in acetone—water (4: 1, v/v; 6 ml.) was 
heated under reflux for 3 hr. On dilution with water and cooling, cholesterol (77 mg.; m. p. 
142—148°) crystallised. Recrystallised from aqueous ethanol it had m. p. 146—148°. 

Acetolysis. The ester (73 mg.) dissolved slowly in glacial acetic acid (8 ml.) at room tem- 
perature. After 2 days the solution was concentrated im vacuo and extracted with ether. 
The crude product (61 mg.; m. p. 92—110°) gave, from acetone, cholesteryl acetate, m. p. 
114—115°, [a], —45° (c 0-82). 

Acetolysis in the presence of potassium acetate. The ester (94 mg.) and anhydrous potassium 
acetate (130 mg.) in acetic acid (10 ml.) were kept at room temperature for 7 days. The ether- 
soluble product (81 mg.) was isolated and chromatographed on alumina (5 g.). Practically all 
material (78 mg.) was eluted with light petroleum (4 x 10 ml.) in the first four fractions without 
satisfactory resolution. The fractions were combined and treated with N-methanolic potassium 
hydroxide for 1 hr. under reflux. The product (74 mg.) was chromatographed on alumina 
(5 g.). Light petroleum (30 ml.) eluted an unidentified oil (9 mg.). Light petroleum—benzene 
(1:1, v/v; 20 ml.) eluted 3: 5-cyclocholestan-68-ol (48 mg.; m. p. 63—69°) which crystallised 
from aqueous acetone in needles, m. p. 72—75”, [a], + 52° (¢ 1-29). Benzene (20 ml.) eluted 
cholesterol (18 mg.), m. p. 148—150°. 


We are grateful to Dr. A. E. Kellie for the infrared spectra. One of us (J. K. N.) was the 
holder of an Empire Rheumatism Council Research Fellowship. 


CHEMICAL RESEARCH LABORATORY, RHEUMATISM RESEARCH UNIT, 
NETHER EpGE HOSPITAL, SHEFFIELD, 11. [Received, April 24th, 1957.] 
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775. The Conversion of Flavonols into Anthocyanidins. 
By H. G. C. Kine and T. WuHItE 


Reductive acetylation of flavonols gives acetates of undetermined struc- 
ture having one acetyl group less than would be expected. Hot mineral acid 
converts the acetates into the corresponding anthocyanidins smoothly and 
in good yield; hydrolysis with caustic alkalis at room temperature, followed 
by acidification in the cold, leads to a small quantity of anthocyanidin. 
This appears to be a useful general method for the production of antho- 
cyanidins from flavonols. 


AN attempt was made to estimate keto-groups in mimosa and quebracho tannin extracts, 
by comparing the acetyl content of normal acetates and those made by reductive acetyl- 
ation (zinc dust, sodium acetate, and acetic anhydride). An increase in acetyl content 
on reductive acetylation can be a useful indication of keto-groups in cases where the normal 
hydrazones, oximes, etc., are not formed. In the present case there was no increase of 
acetyl content although, as shown below, this is not necessarily evidence of the absence 
of keto-groups in these particular tannin extracts. The work however showed that 
reductive acetylation provides an improved method of converting flavonols into antho- 
cyanidins and allows the isolation, as intermediates, of acetylated /eucoanthocyanidins. 

Quercetin (I) was therefore reductively acetylated with the expectation of producing 
3:4:5:7:3': 4'-hexa-acetoxyflav-2-en (II). This, on treatment with hydrogen 
chloride in propan-2-ol should give cyanidin (III) in a manner analogous to the conversion 
of flavan-3 : 4-diols? (the so-called /eucoanthocyanidins) into anthocyanidins. 


fe) 
HO (IIT) 


Direct reduction of quercetin to cyanidin has been reported by several workers. Will- 
statter and Mallison? employed mercury, magnesium, and hydrochloric acid at 35°: 
the yield was very low (~2%) by this procedure in this laboratory. Watson and Sen,* 
and later Watson and Meek,‘ reduced quercetin with sodium amalgam in ethanolic hydro- 
chloric acid to a compound of uncertain nature. Malkin and Nierenstein ® treated quer- 
cetin with zinc dust (no sodium acetate) in boiling acetic anhydride and poured the resulting 
solution into hydrochloric acid: the product formed a deep-red solution when heated with 
ethanol and concentrated hydrochloric acid: the authors thought that the product was 
bimolecular. Mirza and Robinson ® also reported a two-stage conversion of flavonols 
into anthocyanidins involving reduction with lithium aluminium hydride in ether and 
treatment of the product with hydrochloric acid. 

Smooth reductive acetylation of quercetin or its penta-acetate gave a good yield of 

1 Robinson and Robinson, Biochem. J., 1933, 27, 206. 

2 Willstatter and Mallison, Sitzungsber. k. Akad. Wiss., Berlin, 1914, 769. 

3 Watson and Sen, /., 1914, 105, 395. 

* Watson and Meek, /., 1915, 107, 1576. 


5 Malkin and Nierenstein, J. Amer. Chem. Soc., 1930, 52, 2864. 
* Mirza and Robinson, Nature, 1950, 166, 997. 
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an orange-red product containing five acetyl groups instead of the expected six. Similarly, 
fisetin and kempferol gave products containing one acetyl group less than expected. 
These coloured reduced acetates were all amorphous and appeared homogeneous on paper 
chromatography although purification failed to produce products with sharp melting 
points. The ultraviolet spectra of the reduced quercetin penta-acetates produced directly 
or from the normal penta-acetate were virtually identical and quite different from the 
spectra of quercetin or its normal penta-acetate (see Table). Treating the reduced acetates 


Anta. (my) Et Sm. Armas. (Ty) EV Sn. 
QuewCetim  .nccnccccccccccccccccccccccvccocscccccsese 238, 284 470, 225 256, 371 750, 785 
Quercetin penta-acetate ..........seceeeeeeeeeee 238, 270 385, 205 250, 298 432, 388 
Reduced acetate of quercetin ...........++0+0. —_— — Sh 258—274 165 
Reduced acetate of penta-acetylquercetin... -- — Sh 260—272 120 


with hydrogen chloride in propan-2-ol? gave the anthocyanidins as expected. They were 
identified by the qualitative tests of Robinson and Robinson ® and by chromatography 
in the “ Forestal” solvent ® against standard anthocyanidins. The overall yield of 
anthocyanidin was determined for the quercetin-cyanidin conversion by direct isolation 
of the cyanidin chloride by two different methods (57-5% and 24-3% respectively), while 
the yields for the other conversions were determined by spectrophotometric comparison 
with standard anthocyanidins #° at the wavelength of maximum optical density: quer- 
cetin —»cyanidin chloride 40-5%; kempferol—+» pelargonidin chloride 45-4%; 
fisetin —» fisetinidin chloride 10-9%. The low yield in the last conversion suggests 
that the presence of the hydroxyl group in the 5-position influences the yield beneficially 
and we have observed a similar result when reducing flavonols to 2 : 3-dihydroflavonols 
by sodium dithionite and sodium carbonate.” 


° ° Ar 
ok — te 
OH ce) 
(IV) H’ ‘OAc H’ OAc (Y) 

The structure of the reductively acetylated intermediates described above is not 
certain. To account for the colour it seems likely that they are acetyl derivatives (IV) 
of the anthocyanidins or acetates (V) of pseudo-bases, the two structures being tautomeric. 

Deacetylation of the reduced acetate of quercetin with ethanolic potassium hydroxide 
at room temperature gave a dark green solution (cf. ref. 4), which changed immediately 
to a bright-red solution on acidification with cold hydrochloric acid. Extraction of this 
solution with tsopentyl alcohol and chromatography of the extract showed that cyanidin 
had been formed, a result which seems to require the intermediates to have one of the 
above formule. 

The overall yield of anthocyanidins is the highest yet reported, and this technique 
appears to be a useful general method. 


EXPERIMENTAL 

Reductive Acetylation.—(a) Quercetin. Quercetin (1-0 g.) was refluxed for 1 hr. with zinc 
dust (1-0 g.) and anhydrous sodium acetate (0-5 g.) in acetic anhydride (20 ml.). A further 
1-0 g. of zinc dust was then added and refluxing continued for another hour. The solution 
became deep red after 5 min. and remained so. It was finally filtered from the zinc, which 
was washed with a little glacial acetic acid. The combined liquids were poured into water 
(250 ml.), and the red solid which separated was filtered off, dissolved in the minimum volume 

7 Hillis, J. Soc. Leather Trades’ Chemists, 1954, 38, 91. 

® Robinson and Robinson, Biochem. J., 1931, 25, 107. 

* Bate-Smith, ibid., 1954, 58, 122. 

10 King and White, ‘‘ Chemistry of the Vegetable Tannins—A Symposium,” Soc. Leather Trades’ 
Chemists, Croydon, 1956. 

11 Pew, J. Amer. Chem. Soc., 1948, 70, 3031. 
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of acetic acid, re-precipitated into water, and dried im vacuo (P,O;). It (1-331 g.) was a light 
orange-red substance, m. p. 80—100° (shrinking at 55—60°) (Found: C, 59-8; H, 4-6; Ac, 40-9. 
C,;H.2.0;, requires C, 58-2; H, 4-3; Ac, 41-9%). 

Reductive acetylation of quercetin penta-acetate (m. p. 193°; Ac, 41-8%) (1-85 g.) as above 
yielded a bufi-coloured substance, m. p. 80—100° (shrinking at 55—60°) (Found: Ac, 42-7%). 

(b) Robinetin. The reduced acetate (1-2 g., from 1-0 g. of robinetin) was a red powder, 
m. p. 110°, shrinking at 95°. 

(c) Fisetin. The reduced acetate (0-151 g. from 0-2 g. of fisetin) was a buff-coloured powder, 
m. p. 85—105° (shrinking at 75—80°) (Found: C, 62-6; H, 4:5; Ac, 34:8. C,,;H,.0,,. requires 
C, 60-5; H, 4-4; Ac, 37-7%). 

(d) Kempferol. The reduced acetate (0-072 g. from 0-1 g.) was a pale orange-coloured solid, 
m. p. 92—100° (shrinking at 82°) (Found: C, 64-0; H, 5-0; Ac, 37-3%). 

Conversion of the Reduced Acetates into Anthocyanidins.—(a) For qualitative work 10 mg. each 
of the reduced acetates were heated in sealed tubes with a 5: 1 mixture (1 ml.) of 3N-hydrogen 
chloride and propan-2-ol (1 ml.) for 40 min. in a boiling-water bath. The products were 
chromatographed on Whatman No. 2 paper in acetic acid—water—concentrated hydrochloric 
acid (30:15:1). Standard anthocyanidin samples were run simultaneously for comparison. 

For quantitative work larger amounts were used. The reaction mixtures were taken to 
dryness under reduced pressure in a stream of nitrogen at 60°. The crude products were then 
weighed and samples taken for spectrophotometry. The following yields of crude antho- 
cyanidins were observed: quercetin reduced acetate (98-2 mg.) —-» cyanidin chloride (66-3 
mg.); fisetin reduced acetate (58-4 mg.) —-» fisetinidin chloride (39-3 mg.); kempferol reduced 
acetate (37-8 mg.) —-» pelargonidin chloride (29-3 mg.). 

(b) Spectrophotometry. Measurements were carried out with a Unicam S.P. 500 spectro- 
photometer, on EtOH solutions. Crude anthocyanidins were dissolved in the acetic acid—water— 
hydrochloric acid solvent, and the absorption maxima compared with those of the authentic 
anthocyanidins. The anthocyanidin-content of the crude products was calculated by direct 
proportion from the measured optical densities atthe maxima. Individual results were as follows: 
cyanidin chloride (at 525 my), 48-2% anthocyanidin in crude product, 40-5% overall yield; 
fisetinidin chloride (at 510 my), 23-0% anthocyanidin in crude product, 10-9% overall yield; 
pelargonidin chloride (at 505 my), 81-5% anthocyanidin in crude product, 45-4% overall yield. 

Conversion of Quercetin Reduced Acetate into Cyanidin.—(a) Isolation by chromatography. 
Reductively acetylated quercetin (134-4 mg.) was converted into cyanidin as above ; the product 
was taken to dryness and chromatographed in the above solvent on ‘‘ Solka Floc ’’ (powdered 
cellulose) (45 x 2 cm. diam.). The effluent corresponding to the broad red band of cyanidin 
was collected and, taken to dryness, gave chromatograph ‘ly and spectrophotometrically pure 
cyanidin (62-5 mg., 57-5%). 

(b) Isolation by solvent extraction. WReductively acetylated quercetin (208-5 mg.) was con- 
verted into the crude anthocyanidin as before, and the latter taken up in 1% w/v hydrochloric 
acid (25 ml.). The acid solution was extracted with ethyl acetate (3 x 25 ml.), these extracts 
being discarded, then with butan-l-ol (50 + 10 ml.). The combined butanol extracts were 
taken to dryness, yielding 40-6 mg. (24-5%) of chromatographically and spectrophotometrically 
pure cyanidin. 

Deacetylation of Quercetin Reduced Acetate—The reduced acetate (200 mg.) was kept over- 
night in a 2% solution (10 ml.) of potassium hydroxide in 50% aqueous ethanol, boiled previously 
to expel air, then saturated with nitrogen. A deep green solution was immediately formed and 
this became bright red immediately on acidification with 10% w/v hydrochloric acid at room 
temperature. The acidified solution was then diluted with water (35 ml.) and extracted 
with ethyl acetate (5 x 20 ml.). The aqueous residue, still bright red, was extracted with 
tsopentyl alcohol (10 ml.), almost complete extraction of the colour being achieved. This 
extract was concentrated to 1 ml. Both extracts were chromatographed in the solvent system 
described above, cyanidin being found in the isopenty] alcohol extract. 


The authors thank the Management of the Forestal Land, Timber & Railways Co. Ltd. for 
permission to publish this communication, and Professor R. D. Haworth and Dr. T. Swain for 
helpful discussions. 


FoRESTAL CENTRAL LABORATORIES, 
HARPENDEN, HERTS. (Received, January 3rd, 1957.) 
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Perfluoroalkyl Compounds of Nitrogen. Part IV.t Electronic 
Absorption Spectra of Perfluoro-nitroso- and -nitro-alkanes, and Related 
Molecules. 


By (Mrs.) J. Mason (Miss J. BANnus). 


The electronic absorption spectra of perfluoronitrosoalkanes are presented, 
and compared with those of other C-nitroso- and of typical O-nitroso- and 
N-nitroso-compounds, for the gas phase and for solution, and also with the 
electronic spectra of perfluoronitroalkanes. 

The energy and intensity of the longest-wavelength bands in the spectra of 


Y-N=O molecules suggest that they are due to my-z* transitions, and this 
is supported by the solvent effects. The consequences of the transition in the 
CF,*NO molecule are discussed. 

The visible band in the CF,-NO spectrum shows complex, though relatively 
diffuse, vibrational structure, which is insensitive to temperature. Some of the 
regularities can be identified with vibrational modes, in particular the N=O 
stretching mode, which is strongly excited in the my—n* absorption of almost 
all Y-N=O molecules. The ultraviolet band near 2700 A for the perfluoro- 
nitrosoalkanes, 2800 A for the nitro-compounds, is due to an no-n* transition. 
At the minimum between this and the strong x-n* absorption at shorter 
wavelengths there is weak vibrational structure in the perfluoronitroso- 
alkane spectra. 

Perfluoronitrosoalkanes decompose by an excited-molecule mechanism 
when they absorb visible light, and by bond rupture when they absorb ultra- 
violet light. 


THE electronic spectra of trifluoronitrosomethane and perfluoronitrosopropane ! have been 
measured, for the gases and their solutions, with a Cary recording spectrophotometer. 
The blue colour is due to weak absorption in the red, of f-value (oscillator strength) 0-0002, 
and there is no absorption between this band and a weaker one (/-value 0-00005) at 3200— 
2400 A, beyond which the absorption rises steeply. The visible bands are drawn in Fig. 1, 
and extinction coefficients for the gases are given in Table 1. 


TABLE l. 
Aene, Amin. 
Emax. (A) (cm.~?) Emin. (A) (cm.-") 
CE NO ccccccccccccccscccece 23-8 6925 (14,440) 17:3 6870 (14,560) 
21-3 6730 (14,860) 
1-8 2695 (37,100) 0-8 2400 (41,670) 
COP GINO  cccccccccccccesese 22-7 6840 (14,620) — -— ~- 
20-2 7075 (14,130) 
2-1 2715 (36,830) 1-0 2410 (41,490) 
I snceaseeiecicacine 11-2 2775 (36,030) 2-0 2395 (41,750) 
IR wcinssdiinctbeeencs 41-6 2795 (35,770) 5-0 2367 (42,240) 


The visible band in the spectrum of gaseous trifluoronitrosomethane shows considerable 
vibrational structure, and small inflections can be seen at and beyond the ultraviolet 
minimum ; but for the larger molecule the vibrational bands are very poorly resolved. 

Solvent Effects.—The effect of solvents on the visible band of trifluoronitrosomethane 
was examined for diagnostic purposes. Fig. 1 shows, as well as the spectrum of the gas, 
the visible absorption of solutions of the substance in cyclohexane, chloroform, and water. 
The spectra of its solutions in 2N-hydrochloric acid and 100% sulphuric acid were similar 


to that 


of the aqueous solution. 


The spectrum of cyclohexane solutions was like that of the gas, though considerably 


less sharp, and the band had moved very slightly towards longer wavelengths. 


¢t Part III, J., 1956, 759. 
1 Banus, Nature, 1953, 171, 173; J., 1953, 3755; Mason (Banus) and Dunderdale, J., 1956, 754. 
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chloroform or ethyl ether as solvent the spectrum was less sharp again and the band had 
now moved very slightly, if at all, to wavelengths shorter relatively to the spectrum of 
the gas. However, the spectrum of the aqueous solution was very greatly smoothed out, 
so that almost no vibrational structure was discernible, and the band had moved about 
300 cm.~! to wavelengths shorter relatively to the spectrum of the gas, and about 350 cm.~! 


Fic. 1. Absorption spectra of gaseous perfiuoronitrosopropane (A), and of trifiuoronitrosomethane in the 
gaseous state (B) and in solution in (C) cyclohexane, (D) chloroform, and (E) waiter. 
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relatively to the spectrum of the hydrocarbon solution. This blue shift is equivalent 
to an increase of about 1 kcal./mole in the energy of the transition, 37 kcal. at 13,000 cm.-!. 

The blurring or obliteration of the vibrational structure and the blue shift, as one 
passes from non-polar to aqueous solutions,?-? indicate that electrostatic interaction with a 
polar solvent stabilises the ground state of the molecule, relative to the excited state at 
the instant of formation, so that more energy is required for the transition. This is a 
consequence of the Franck—Condon principle when there is a change in size or of charge 
distribution of the molecule on excitation, since the excited solute molecule has to be 
formed inside a grouping of solvent molecules that is appropriate to the ground state. 

We should expect trifluoronitrosomethane to form hydrogen bonds in hydroxylic 
solvents, and to participate in weaker non-specific interactions in polar non-hydroxylic 
solvents. The change in dimensions of the molecule on excitation must be small, from 
the shape and small extent of the spectrum and its insensitivity to temperature (see below). 
However there should be some change in charge distribution in the transition; the low 
oscillator strength suggests, in the present case, that the overlap between the ground- 
state and the excited-state orbitals is small. 

The stabilisation of the electronic ground state of trifluoronitrosomethane in aqueous 
solution (about 1 kcal./mole) is less than the usual energy of hydrogen bonds from water 
to nitrogen, but the presence of fluorine and oxygen considerably reduces the basicity of 
the nitrogen atom; that it is not protonated in 100% sulphuric acid is shown by the 
Kasha, Discuss. Faraday Soc., 1950, 9, 14. 

Brealey and Kasha, J. Amer. Chem. Soc., 1955, 77, 4462. 

McConnell, J. Chem. Phys., 1952, 20, 700. 

Platt, J. Opt. Soc. Amer., 1953, 43, 252. 

Bayliss and McRae, J. Phys. Chem., 1954, 58, 1002, 1006. 

Halverson and Hirt, J. Chem. Phys., 1949, 17, 1165; 1951, 19, 711. 
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persistence of the nitroso-absorption. Thus the hydrogen bond will be relatively weak, and 
the association constant of the hydrogen bonding * low. 

It has been suggested ® that the blurring of the vibrational structure of n—x* bands for 
molecules in polar solutions is a consequence of the uncertainty principle, as the relaxation 
of the solvent cage interferes with the quantisation of the vibrations of the excited solute 
molecule. However, such a dynamic picture contravenes the Franck-Condon principle 
for an absorbing molecule. It is the variation of the polar environment that causes the 
spread in the sizes of the vibrational quanta absorbed at the same time as the electronic 
(0,0) quantum. 

The small red shift in the spectrum of the hydrocarbon solution compared with the 
vapour spectrum corresponds with Bayliss’s polarisation red-shift.® 

Solvent Effects on the Long-wavelength Electronic Spectra of Other Y-N=O Molecules.— 
The only other molecules of this type for which solution spectra of the low-energy bands 
have been determined are alkyl nitrites, nitrous acid, nitrite ion, and dialkyl nitrosamines. 
Specimen solvent shifts are given in Table 2. For nitrous acid and alkyl nitrites the 
vibrational structure is only slightly diminished in solution in non-polar or in polar solvents, 
and the solvent shifts refer to the presumed origin, or if a range is given the first figure 
refers to the presumed origin, and the second to the band as a whole. However, for 
trifluoronitrosomethane, nitrite ion, and alkylnitrosamines, where the vibrational structure 
is considerably reduced for solutions in non-polar solvents, and almost obliterated when the 
compound is in aqueous solution, so that the origin is no longer discernible, the shifts are 
those of the band maximum, or of the band as a whole. The experimental error may be 
about 100 cm.-'. 


TABLE 2. Solvent shifts (cm.-1) in the low-energy bands of Y-N=O molecules. 


Red shifts Blue shifts 

CF,NO ...... Gas—HC * 70 HC—CHCI, 100 
HC—ether 100 
HC—water 350 

HO-NO ...... Gas** —ether * 400—600 Ether—water%** 300—200 
Water—n-HClQ, *4 100—400 
n-HC1IO,—(n-HCIO, + 6Nn-NaCl0O, °) 100 

MeO-NO ...... Gas—HC 150 HC—MeOH 0—100 

HC—DMF t+ 50—100 
O-NO- — Crystal /—-EtOH 350 
(as NaNO,) EtOH—water 150 

Me,N-NO ** — Gas—HC 150 
HC—ether 150 
HC—CHCI, 700 
HC—EtOH 1200 
HC—water 2450 (7 kcal./mole) 

* HC = hydrocarbon. + DMF = dimethylformamide.’ 


* Tarte, Bull. Soc. chim. belges, 1950, 59, 365. *° Porter, J. Chem. Phys., 1951,19, 1278. * Bunton 
and Stedman, unpublished results. ¢ Singer and Vamplew, /J., 1956, 3972; Longstaff and Singer, 
J., 1954, 2604. * Kortum, Z. phys. Chem., 1939, 43, B, 418. 4 Sidman, J. Amer. Chem. Soc., 1956, 
78, 2911. * Haszeldine and Mattinson, J., 1955, 4172. * Thompson and Purkis, Trans. Faraday 
Soc., 1936, 32, 674, 1466. 


Table 2 shows, in general, that with increase in the polar character of the solution 
(e.g., the dielectric constant of the organic solvent, or the ionic strength of the aqueous 
solution) the absorption band shifts to the blue as the vibrational structure disappears. 
These solvent effects are very striking in the case of dialkylnitrosamines, and evident 
for nitrous acid and trifluoronitrosomethane, but small for alkyl nitrites (for which, 
however, no aqueous-solution spectrum has been recorded). 

The Nature of the Transition.—All the evidence points to an my~x* transition * > § as 
the result of the absorption of red light by trifluoronitrosomethane; one of the (nearly) 
non-bonding electrons of the nitrogen is excited to an anti-bonding = (?.e., x*)-orbital. 


® (a) Orgel, J., 1953, 1276; Nakamoto and Suzuki, J. Chem. Phys., 1952, 20, 1971; (6) Nakamoto 
and Rundle, J]. Amer. Chem. Soc., 1956, 78, 1116. 
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This will be the transition requiring the least energy, since the my electrons are the most 
loosely held, and the lowest unoccupied orbital is x*. More energy will be required for the 
n-n* transitions, and also for the n—x* transitions from oxygen ® (since this is more electro- 
negative than nitrogen) and these give rise to ultraviolet absorption. 

The distinction can also be made on grounds of intensity. Since such an m-x* transition 
is allowed by symmetry, the low oscillator strength (though much higher than singlet- 
triplet f-values for atoms of this weight * 1°) shows that the transition is almost ‘‘ overlap 
forbidden.”’ Intensities of the symmetry-allowed x-x* bands are much higher (/-values 
0-1—1-0) owing to the much better overlap between the ground-state and the excited- 
state wave-functions. 

As is evident from the spectrum, the change in molecular dimensions on excitation is 
small ; this is a feature of n—x* transitions, since bonding electrons are not involved. Finally, 
the solvent effects are appropriate to the excitation of an m-electron, for which their 
diagnostic use has been recommended.?? Similar solvent effects may be observed in 
m-n* transitions for heteronuclear systems such as N=O, or in symmetry-forbidden x-x* 
transitions,‘ but in the present case the distinction is clear on grounds of intensity, energy, 
and the symmetry of the molecule, and is supported by the solvent efiects. 

The visible and near ultraviolet (¢.e., low-energy) and low-intensity absorption of alkyl 
nitrites, nitrite ion, dialkylnitrosamines, nitrosyl halides, azo-, azoxy-, and diazo-com- 
pounds, azides, (aromatic) oximes, and azines 7:1" are due to similar m—x* transitions from 
nitrogen. 

The Band Origin.—An attempt was made to find the band origin in the visible spectrum 
of trifluoronitrosomethane, from the effect of changes of temperature on the long-wave- 
length bands. The gas was examined at +100°, —80° (carbon dioxide-ether), and 
—111-6° (melting carbon disulphide) ; at — 183° a solution in mixed hydrocarbons was used 
since trifluoronitrosomethane is not volatile enough for a vapour spectrum to be measurable 
at this temperature with reasonable path-lengths. 

Slight inflections at 13,200 cm.-! and possibly at 12,900 cm.-! are visible in spectra taken 
at 760 mm. and room temperature ina 10cm. cell. These inflections are slightly enhanced 
at +100°, but persist at —80° and at —112°. They could not be discerned in the spectra 
taken at —183° of hydrocarbon glassy solutions, but then much of the vibrational detail 
was missing here, just as in the hydrocarbon solutions at room temperature; there was 
no sharpening of the bands at low temperatures. 

The effective origin must then be taken to be at 13,200, possibly at 12,900 cm.-, or 
less probably at longer wavelengths. 

Since one would expect the band origin to be near the band maximum if the change of 
molecular dimensions in the transition is very small (although it may not, in this case, be 
very small), the possibility was considered that these long-wavelength bands may belong 
to another band system, as has been suggested for the a-chloronitroso-compounds.” 
Elkins and Kuhn "8 considered that the 3200—4000 A spectrum of alkyl nitrites arises from 
two different electronic transitions, for they found the circular dichroism and anisotropic 
factor of optically active nitrites to vary across the spectrum. According to Tarte such 
a hypothesis would also explain anomalies of the vibrational structure in spectra of alkyl 
nitrites }* and nitrous acid.'® 

However, all such molecules can exist as rotational isomers, and hydrogen bonding in 
the cis-form would further alter the electronic distribution. No such possibility exists 
for trifluoronitrosomethane, and the only other transition that could give rise to absorption 


® McMurry, J. Chem. Phys., 1941, 9, 231, 241. 

1° McClure, ibid., 1949, 17, 905. 

11 Rush and Sponer, ibid., 1952, 20, 1847; Orgel, J., 1955, 121; Mason, J., 1955, 2336. 
12 Tarte, Bull. Soc. chim. belges, 1954, 68, 525. 

13 Elkins and Kuhn, J. Amer. Chem. Soc., 1935, 57, 296. 

14 Tarte, J. Chem. Phys., 1952, 20, 1570. 

158 D’Or and Tarte, Bull. Soc. roy. Sci. Liége, 1951, 12, 685. 
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at these long wavelengths is the singlet-triplet »—x*, which may well absorb in the neigh- 
bourhood of the singlet-singlet banb.1°1® However, the intensity of the band due to 
this multiplicity-forbidden transition should be too small to be observed with the apparatus 
available. Spectra of trifluoronitrosomethane in solution in di-iodomethane were examined 
in case the atomic-number effect 17 might enhance the intercombination sufficiently to 
make it visible, but no change in the spectrum could be seen. In fact, the vibrational 
structure was much more blurred than for chloroform solutions, so that very small changes 
could not have been discerned. 

The Vibrational Structure —The CNO chain in trifluoronitrosomethane is bent in the 
electronic ground state, so that it belongs to the symmetry group C;,, possessing only a 
plane of symmetry. The x-x* transition moment is perpendicular to the CNO plane, 7.¢., 
14’ —» 14”, where species A’ is symmetric and species A” antisymmetric to the plane. 


Fic. 2. Spacings of the vibrational bands of trifluoronitrosomethane. 
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The transition is thus allowed by symmetry, and we might expect any of the normal 
vibrations to be excited, the A’ ones more strongly. However, since the ground state is 
vibrationless, as shown by the insensitivity of the spectrum to changes of temperature, 
A” vibrations would not be expected in the excited state. 

The anti-bonding contribution in the excited state, when the x*-orbital becomes half- 
filled, will increase the N=O bond length and decrease the N-=O stretching frequency, as 
compared with the ground state; the effect on the deformation frequency will be of the 
second order. 

The contraction of the my-orbital in the transition will allow the CNO angle to open 
slightly; the electronegativity of the nitrogen will increase and the s-character of the 
nitrogen o-bonds diminish. (The my-electrons, which would be wholly s in character in 
CF,NO bent at 90°, still have more than their share of the s-character in the normal 
ground state, which is approximately trigonally hybridised. In addition, the bonding 
orbitals in tervalent-nitrogen compounds usually sacrifice s-character, and o-bond strength, 
to economise the rather large energy of promotion of an s-electron to a half-filled p-orbital.) 


16 Goodman and Shull, J. Chem. Phys., 1954, 22, 1138; Reid, ibid., 1953, 21, 1906. 
17 Kasha, ibid., 1952, 20, 71. 
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As the C-N and N=O bonds become more directional, their stretching and deformation 
frequencies should increase slightly, although for the N=O stretching frequency such an 
increase would be more than offset by the weakening effect of the anti-bonding electron. 

The effect of the transition on the C-N torsion frequency is difficult to predict, as the 
consequences of the N=O bond lengthening and the opening of the CNO angle will be 
opposed. Vibrations of the CF, group may well be excited.'® 

Fig. 2 shows the spacings of the vibrational bands, with some omission of detail, for 
clarity. Regularities at intervals of 1300—1400, 700—800, 450—500, and ca. 240 cm."} 
can be seen, and may be the upper-state values of the following ground state frequencies 
(cm.-!; Mason and Dunderdale'): N=O stretching 1595, C-N stretching 811, N=O 
deformation 405, and C-N torsion about 200 (conjectural); although the last is an A” 
vibration. A regularity with a spacing of 60—80 is particularly prominent. Such a 
frequency is rather high for a rotation, and too low for a vibration. It may perhaps be 
a highest common factor ¢ (or small multiple of this) of two excited-state frequencies. 
Since none of these bands is eliminated at low temperatures, they must be considered 
as belonging to progressions rather than to sequences. 

If one takes the longest-wavelength band to be at 13,200 (or 12,900) cm.-!, the 
separation from the strongest band is 1200 (or 1500) cm.-!. This frequency might perhaps 
be identified with the N=O stretching vibration, but it represents an amount of energy 
that would certainly not be available at —112°. The same is true of the smaller separations 
between the weak long-wavelength bands. Thus, although at first sight the strongest 
band seems a more likely origin of progressions, such an origin must be at the electronic 
origin at longer wavelengths, since the transition is allowed; there can be no question of 
a vibrational quantum as prerequisite. 

The observed vibrational structure has been described as insensitive to temperature 
since the variation with change of temperature (—110° to +100° for gaseous trifluoro- 
nitrosomethane) of the intensity distribution within the band is much smaller than would 
be required by Boltzmann factors for molecules vibrationally excited in the ground state. 
There is some effect of temperature, however: at low temperatures, compared with room 
temperature, the intensities are reduced by 10—20% on the long-wavelength side, increased 
by a similar amount near the two maxima, and increased by a smaller amount on the 
long-wavelength side. 

Excited-state Frequencies in Other Y-N=O Molecules.—The N=O stretching vibration 
is strongly excited in the my-x* absorption of almost all such molecules. A possible 
exception ?9 is dinitrogen trioxide (although this has not been examined in the vapour phase), 
but in this the Y-N bond is very weak indeed. The vibrational structure of the ny—n* 
bands of other Y-N=O compounds is much simpler than in the case of trifluoronitroso- 
methane, and this is not always correlated with a greater complexity of the group Y; the 
only upper-state interval in the spectra of methyl nitrite and dimethylnitrosamine is that of 
the N=O stretching vibration, and the spectra of their higher homologues are not 
noticeably more diffuse. In contrast, there is a striking loss of vibrational structure in 
the nitroso-compound spectra as the perfluoroalkyl groups become more complex. 

The greater diffuseness of the spectra of methyl nitrite and dimethylnitrosamine may be 
a result of the extra modes of internal rotation in these molecules, as compared with tri- 
fluoronitrosomethane. Predissociation may be suggested as an alternative (or as an addi- 
tional) explanation, and to account for the lack of resolution in the spectrum of trifluoro- 
nitrosomethane as well, but if this were present the blurring should increase across the bands to 
shorter wavelengths, which is not observed. For trifluoronitrosomethane there may be the 


t+ Sponer and Teller '* describe a similar regularity in the electronic spectrum of methylamine. They 
refer to it as the “ smallest common denominator ’’ of two larger frequencies, but it is clear that the 
“ largest common factor ’’ was intended. 


18 Sponer and Teller, Rev. Mod. Phys., 1941, 18, 75. 
19 Mason (Banus), unpublished work. 
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further argument against predissociation, that the energy available may be insufficient (see 
below). 

It is more likely that the lack of resolution in the trifluoronitrosomethane band is due to 
the “ solvent ” or “ loose-bolt ” effect of the alkyl group, this effect increasing sharply up 
the homologous series because of the relative rigidity of the smallest member, trifluoro- 
nitrosomethane, compared with methyl nitrite and dimethylnitrosamine where the damping 
effect is already evident, because of the extra internal degrees of freedom. 

The m-x* band of the orange compound formed by trifluoronitrosomethane on 
irradiation has ¢max. 20 at 3720 A, and no vibrational structure. The inflections reported 2° 
are due to nitrogen dioxide, which is a photodecomposition product and can be removed 
by shaking with mercury. 

Table 3 shows values of excited-state and ground-state frequencies of the N=O 
stretching vibration, and of other modes in the very few cases where they have been 
observed in the excited state. 


TABLE 3. N*=O stretching frequencies (cm.-') in the ground and the excited states 
(values in parentheses refer to other modes). 


Compound * Excited state Ground state Refs. 
CHMOD  cccdcccccccccccccccccescoscces 1300—1400 3595 a 
SAMS: scsnabienemnimbacbocnneese = 1603 a 
COTPNO nccccccccccccccccccccccccecces 1350—1450 1621 } 12 
py  Sorereereronr es a 1580—1600 
PCBOIND  cecccccscccescesscciscee ca. 1400 —_ b 
TET... cvescqneconseeqsecconsponscees (ca. 500 NO def. 810—50) b, 8b 
dn 1500 é 
BENG scccsvoncconsevscenesswoccseseese 1580 1799 } d 
(380 NCI str. 592) 
BIT ccnnceencescnsensepnqnecess 970—1160 1640, 1696 15, ¢, f, g 
(255—270 ?NO torsion, 637, 543) tg: 
DONO F ccccccccccccccccsccccscocce 1040—1180 1610, 1690 7 
(160—220 2NO torsion, 608, 416) } as for HO-NO 
HO-NO acid soln. ..........+2+.+00. similarly h 
WENO T  cccsccsccccccccesstsscedscee 900—1100 1625, 1 1681 14, 4 
WEED ccccccscocecesesancaccsacse 850—950 1490 12,4 
GIO (et yet.)  cccocccnesccecccesces 1018 NO sym. str. 1337 } : 
(632 NO def. 829) J 


* Gaseous, unless otherwise stated. + Of the two values for the ground state the first refers to 
the cis- and the second to the trans-form. 

* Mason and Dunderdale.! * Lewis and Kasha, J. Amer. Chem. Soc., 1945, 67, 994. ¢ Glusker 
and Thompson, Spectrochim. Acta, 1954, 6, 434; Liittke, J. Phys. Radium, 1954, 15, 633. ¢ Goodeve 
and Katz, Proc. Roy. Soc., 1939, A, 172, 432; Woltz, Jones, and Nielsen, J]. Chem. Phys., 1952, 20, 378. 
* Tarte, Bull. Soc. chim. belges, 1950, 59, 365; D’Or and Tarte, Bull. Soc. roy. Sci. Liége, 1951, 16, 478, 
685. ‘4 Jones, Badger, and Moore, J. Chem. Phys., 1951, 19, 1599. 9% Porter, J. Chem. Phys., 1951, 
19, 1278. * Bunton and Stedman, unpublished work ; Singer and Vamplew, /., 1956, 3972; Longstaff 
and Singer, J., 1954, 2604. * Thompson and Purkis, Trans. Faraday Soc., 1936, 32, 674, 1466. 

Sidman, J. Amer. Chem. Soc., 1956, 78, 2911. 


The nitroso-compounds HNO and DNO have been found to absorb near 7500 A, in 
the flash-photolysis *! of ¢.g., nitroethane, but no vibrational structure has been published 
as yet. Walsh considers that the long-wavelength transition in HNO will open the 
angle. Sidman* records that the bond angle in the nitrite ion in sodium nitrite crystal 
increases slightly in the excited state, in the 3000—3700 A absorption. 

The Photodecomposition of Trifluoronitrosomethane. The bond dissociation energy for 
CH,-NO, is estimated *4 as 57 or *5 as 52—57 kcal./mole, and that for CF;-NO, will be 
similar or slightly less, since the perfluorination of methyl groups is usually found not 

2@ Jander and Haszeldine, J., 1954, 696. 

" Dalby, Nature, 1956, 178, 969. 

%3 Walsh, Ann. Rev. Phys. Chem., 1954, 5, 169. 

33 Sidman, J. Amer. Chem. Soc., 1956, 78, 2911. 


*% Gray, Trans. Faraday Soc., 1955, §1, 1367. 
25 Cottrell, ‘‘ The Strengths of Chemical Bonds,’ 





’ Butterworths, London, 1954, p. 207. 
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to alter bond-dissociation energies significantly, or else to lower them slightly, in the 
molecules that have been studied, e.g., CF,;-H,?® CF,;-Hal.27._ The C-N bond in trifluoro- 
nitrosomethane will be a little weaker than in trifluoronitromethane, because of the non- 
bonding electrons in the former. The relative values of the C-N stretching frequencies 
bear out these assumptions : CH,"NO,* 918, CF,-NO,* 863, CF,-NO * 811 (cm.). We 
can therefore estimate that the bond-dissociation energy for CF,-NO is ca. 50 kcal./mole, 
or somewhat less (cf. the value 34 46 kcal. /mole for CH;-N:N-CH,). 

Thus the energy absorbed by trifluoronitrosomethane in the visible region, 41 kcal./mole 
at the maximum (6930 A), and at the most 55 kcal./mole at the short-wavelength limit 
(about 5000 A), is insufficient to break the C-N bond, unless other bonds are formed at 
the same time. The energy required to break a bond photochemically * is usually about 
half as much again as the bond-dissociation energy. Jander and Haszeldine state ?° 
that, on exposure to light, photolysis occurs to form a CF, radical and NO, which then add 
to a second molecule (perhaps involving a third) in one way ®° or another * to form an orange 
dimer, formulated as an N-nitroso- °° or as an O-nitrito-compound.* In such a primary 
step there would be a very small gain of energy from the formation of the NO molecule 
from the NO radical, but there would not be enough to support the mechanism advocated. 
It is more likely from the energetics of the process that photoreaction by an excited- 
molecule mechanism, rather than photolysis involving a free CF, radical, occurs when 
trifluoronitrosomethane absorbs visible light. 

The Ultraviolet Absorption.—It is probable that the largely structureless low-intensity 
band in the ultraviolet spectrum of trifluoronitrosomethane and perfluoronitrosopropane 
is due to an m-x* transition of one of the non-bonding electrons on oxygen. There is a 
corresponding transition in the corresponding nitro-compounds, and Table 1 gives extinc- 
tions and wavelengths for these four gases. Although the oscillator strength is low (the 
f-value for trifluoronitrosomethane is 0-000052), it is still too high for a singlet-triplet 
n—nz* and too low for a symmetry-allowed x-x* transition.  -z* bands of similar intensity 
and energy are shown, for example, by nitromethane ™ (e,,.. 17 at 2780 A), by acetone ® 
(Cmax, 11 at 2760 A), and by nitrite and nitrate ions *5 (en. respectively 9 at 2900 A and 7 at 
3025 A, in aqueous solution). 

The intense x-x* absorption begins at ca. 2200 and 2300 A respectively for the per- 
fluoro-nitroso- and -nitro-alkanes. 

Since nearly 120 kcal./mole are available at 2400 A, the ultraviolet absorption will be 
followed by dissociation, e.g., CF,-NO —» -CF, + NO, or, less probably, CF,,NO —» 
‘CF,° + NOF. There is considerable fragmentation, and little of the orange compound 
(which is itself photosensitive) that is formed when trifluoronitrosomethane absorbs visible 
light, can be recovered. 

There are weak vibrational bands in the spectrum of trifluoronitrosomethane at and 
beyond the minimum on the short-wavelength side oi the mo-x* band, at 2292, 2303, 2314, 
2325, 2337, 2348, 2361, 2373, 2385, 2398, 2410, and possibly at 2438 A, with separations 
of about 200—250 cm.-1. This interval was observed in the visible spectrum as well, and 
may be an upper state value of the C-N torsional vibration, with the reservation previously 
mentioned, that an A” vibration is unexpected, since these are allowed as sequences 
only, and the ground state appears to be vibrationless. 


26 Maslov, Zhur. fiz. Khim., 1951, 25, 803. 
27 Sehon and Szwarc, Proc. Roy. Soc., 1951, A, 209, 110. 
28 Smith, Pan, and Nielsen, J]. Chem. Phys., 1950, 18, 706. 
2® Mason (Banus) and Dunderdale, J., 1956, 759. 
30 Idem, ref. 1. 
31 Page, Pritchard, and Trotman-Dickensen, J., 1953, 3878. 
- 32 Steacie, ‘‘ Atomic and Free Radical Reactions,’ Reinhold Publ. Corp., New York, 1954, 2nd edn., 
ol. II, p. 242. 
33 Haszeldine and Mattinson, J., 1955, 4172. 
%¢ A.P.I. Research Project 44; Catalog of Ultra-violet Spectral Data, no, 104, 
35 Addison, Gamlen, and Thompson, J., 1952, 338. 
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There is similar structure, though fainter, and perhaps with a larger interval (850—400 
cm.~!), in the spectrum of perfluoronitrosomethane round the minimum at 2410 A. There 
may also be some inflections between 3140 and 3300 A on the long-wavelength side of the 
trifluoronitrosomethane m,-x* band, but these are very weak. 

There are a few ill-defined humps in the 1)-x* bands for nitro-compounds, but these 
are even fainter for the perfluoronitroalkanes than for nitromethane. 


EXPERIMENTAL 


The nitroso-compounds were prepared as in Part II.3° Other compounds were prepared or 
obtained and purified by standard methods (Weissberger and Proskauer, Seidell). 

The ultraviolet and visible spectra were measured with a Cary recording spectrophotometer. 
The gases and their solutions were contained in a 2 or 10 cm. silica cell, with a vacuum-tap and 
joint attached. The gas was let in from a vacuum-system, usually to a pressure of ca. 50 mm. 
If a solvent was required, it was then let in to atmospheric pressure, or to a total of 40 Ib. pressure 
(applied from a nitrogen cylinder) if the solvent was one in which the solute was not very soluble 
(e.g., trifluoronitrosomethane in water), and the tap was secured with a rubber band. Concen- 
trations are not very accurately known; the absolute values of ¢ for the solution spectra shown 
in Fig. 1 may be in error by 5—10%. 

For low temperatures the metal cell described by Passerini and Ross ** was used, with 
minor modifications to ensure vacuum-tightness of the cells and jacket. Since it was difficult 
to maintain a vacuum in the jacket at very low temperatures, it was, where possible, filled with 
dry nitrogen, and hot air was blown on to the outer windows. 

For the spectra at — 183°, the gases were dissolved in 6 : 1 tsopentane—methylcyclohexane,?? 
purified by repeated shaking with concentrated sulphuric acid, treatment with potassium 
hydroxide pellets, and passage through activated silica. With these precautions the spectra could 
also be observed in the ultraviolet region. 


Thanks are tendered to the spectroscopists at University College, in particular, Drs. T. M. 
Dunn and S. F. Mason, for much helpful advice; and to Drs. D. R. Llewellyn and A. L. Odell 
for help with the low-temperature cell. 


WILLIAM RAMSAY AND RALPH ForsTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. (Received, February 25th, 1957.] 


8¢ Passerini and Ross, J. Sci. Insir., 1953, 30, 274. 
37 Potts, J. Chem. Phys., 1953, 21, 191. 





777. Hydrogen Bonding of the Thiol Group in Phosphinodithioic 
Acids. 


By GEOFFREY ALLEN and R. O. CoLcLouGH. 


The existence of S-H - - - S hydrogen bonds has been confirmed by infra- 
red spectroscopy of phosphinodithioic acids. A comparison with thio- 
carboxylic acids suggests that the highly polar P-S bonds and S~H bonds are 
responsible for the high degree of association. 


THERE is little evidence for the existence of S-H - - - S hydrogen bonds, although the corre- 
sponding S-H---O and S-H---N bonds are fairly common.’ Recently, however, 
Menefee, Alford, and Scott ? in a study of the infrared spectra of two phosphorodithioic 
acids, (MeO),PS‘SH and (EtO),PS°SH, interpreted the shift in the vSH frequency on 
passing from the pure liquid to dilute solution in carbon tetrachloride as being due to the 


1 Bellamy, “ Infra-red Spectra of Complex Molecules,’’ Methuen, London, 1954, p. 289. 
® Menefee, Alford, and Scott, J]. Chem. Phys., 1956, 25, 370. 
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dissociation of S-H +++S bonds. Since these acids contain alkoxy-groups, the possibility 
that the observed shift is due to S-H --- O bonds cannot be excluded, although Menefee 
et al. consider this unlikely both on steric grounds and because the observed vSH shift is 
significantly larger than that previously reported * for S-H ---O bonding between thio- 
phenol and tsopropy] ether. 


Fic. 1. Spectra in carbon tetrachloride. 
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Diphenylphosphinodithioic Acid.—A, Saturated solution; B, 25% soln.; C, 5% soln.; D, 1% soln. 
Diethylphosphinodithioic Acid,—E, Pure liquid; F, 25% soln.; G, 5% soln.; H, 1% soln. 


This assumption can be tested by using a similar molecule in which only S-H---S 
bonds can occur. We have studied the infrared spectra of diethyl- and diphenyl-phos- 
phinodithioic acids, Et,PS‘SH and Ph,PS°SH, and compared them with those of related 
thiocarboxylic acids. 


RESULTS 


Hydrogen Bonding.—The effect of dilution on the vSH absorption bands of Ph,PS:SH 
and Et,PS-SH is shown in Fig. 1. In the solid, or melt, or in concentrated solutions in 
inert solvents, Ph,PS-SH shows a broad vSH absorption at 2420 cm.“ while in dilute solu- 
tion the vSH band is very sharp and lies at 2560 cm.*. The diethyl-acid behaves 
similarly. This behaviour is characteristic of intermolecular hydrogen bonding. The 
complexity of the broad band (~2400 cm.-) attributed to vSH ---S may be due to the 
presence of a mixture of hydrogen-bonded polymers (R,PS°SH),, although a similar com- 
plex band (of doubtful origin) is observed for vO-H - - - O in dimeric carboxylic acids. 

The effect of temperature on the vSH absorption bands is shown in Fig. 2, the degree of 
association decreasing with rise in temperature as expected. If the equilibrium is assumed 
to be (R,PS°*SH), == 2R,PS’SH, a hydrogen-bond strength of approximately 1 kcal./mole 
is indicated. 

The capacity of phosphinodithioic acids for hydrogen bonding can be ascribed to the 
presence of the phosphorus atom rather than to the effect of the substituent phenyl groups, 
since Et,PS‘SH forms hydrogen bonds with equal ease (Fig. 1). Further, little or no 
hydrogen bonding is observed in pure thioacetic acid (Fig. 3), and only to a minor extent 
in dithiobenzoic acid (Fig. 4). The vSH absorption of thioacetic acid shows only a slight 
shift on dilution, and is always found in the position characteristic of a free thiol group. 
A pure liquid film of dithiobenzoic acid shows a broad vSH band indicating that some 
hydrogen bonding occurs, but the shift is only half that observed for the phosphinodithioic 
acids, and in a 20% solution in carbon tetrachloride all evidence of association disappears, 
leaving a sharp band at 2585 cm.~*._ The results indicate that the P=S and S-H bonds in 


% Gordy and Stamford, J. Amer. Chem. Soc., 1940, 62, 497. 
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phosphinodithioic acids are intrinsically more polar than the C=S and S-H bonds in thio- 
carboxylic acids. 

Effects of Alkoxy-groups.—The absence of monomeric vSH bands in ethereal solutions 
of Ph,PS°SH (Fig. 5) indicates extensive hydrogen bonding which might be due to either 
S-H -+-S orS-H---O. The former can be ruled out since the broad band observed at 
2420 cm. is unaffected by dilution. Therefore although S-H---S bonds probably 
predominate in alkylphosphorothiolothionic acids of the type (RO),PS-SH, it is obviously 
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Fic. 3. Spectra of thioacetic acid. 
A, Pure liquid; B, 1% soln. in CCl,; C, 1% soln. in C,H,; D, 1% soln. in Et,O. 


Fic. 4. Spectra of dithiobenzoic acid. 
A, Pure liquid; B, 20% soln. in CCl. 


difficult to distinguish them spectroscopically from S-H ---O bonds, since S-H---+ O 
bonding would give a band coincident with that due to S-H---S, contrary to the 
assumption of Menefee et al." 

Effect of Solvent.—In the vSH region the spectra indicate that the degree of association 
does not change significantly in the solvents carbon tetrachloride, cyclohexane, carbon 
disulphide, and chloroform (Fig. 6), but is much lower in benzene solution at the same 
concentration. In addition, the half band width of the monomeric vSH band in a 2°5% 
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benzene solution is approximately twice as great as that of the corresponding band in 
carbon tetrachloride or carbon disulphide at the same concentration, and the band appears 
at 2525 cm.~, i.e. 25—30 cm. lower than in the other solvents. These distinguishing 
features indicate a greater degree of interaction between benzene and the solute, possibly 
giving a x-electron complex of the type Ph,PS‘SH---Ph. A similar effect has been 
observed in hydroxylic compounds by Mecke,‘ and there is thermodynamic evidence that 
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Fic. 5. vSH for diphenylphosphinodithioic acid in ether solution. 
A, 25%; B, 5%; C, 1%. 


Fic. 6. Effect of solvent on degree of association of diphenylphosphinodithioic acid in 20% solution. 
A, CHCl; B, CS,; C, CCl; D, C,.Hg. 


carboxylic acids form analogous complexes in benzene solution. This effect does not 
appear to be related to the capacity of the acid to form hydrogen bonds, since in Figs. 3 
and 6 thioacetic and the phosphinodithioic acid show a similar displacement of vSH on 
passing from carbon tetrachloride to benzene solution. 


EXPERIMENTAL 


Materials.—Diphenylphosphinodithioic acid, prepared by Higgins, Vogel, and Craig’s 
method,® had m. p. 56—57°; its diethyl analogue was prepared by Malatesta and Pizzotti’s 
method.* Dithiobenzoic acid was prepared from potassium sulphide and wa«-trichlorotoluene 
by Houben’s method.? A B.D.H. sample of thioacetic acid was used. 

Specitvra.—A Perkin-Elmer Model 21 infrared spectrophotometer, with rock-salt and fluorite 
optics, was used. 


DEPARTMENT OF PHYSICAL CHEMISTRY, . 
THE UNIVERSITY, MANCHESTER, 13. (Received, April 3rd, 1957.) 


* Mecke, Discuss. Faraday Soc., 1950, 9, 161. 

5 Higgins, Vogel, and Craig, ]. Amer. Chem. Soc., 1955, 77, 1864. 
* Malatesta and Pizzotti, Gazzetta, 1946, '76, 167. 

7 Houben, Ber., 1906, 39, 3224. 
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778. The Structure of Lichenin. 
By STANLEY PEAT, W. J. WHELAN, and J. G. ROBERTS. 


The lichenin extracted by water from Iceland moss has been obtained 
free from isolichenin and submitted to partial acidic hydrolysis. An exam- 
ination of the products confirms that the lichenin is an unbranched §8-glucan 
in which 1: 4- and 1: 3-links occur together in the same molecule. It is 
calculated that the ratio of 1: 4- to 1: 3-links lies between 2:1 and 3: 1. 
Evidence is presented which suggests that the lichenin chain is a repeating 
sequence of §(-cellotriose units joined through 1: 3-bonds. Comment is 
made on a possible route of the biosynthesis of lichenin. 

The 8-glucan extractable by cold water from oats has been examined by 
the same methods and shown to be structurally identical with the lichenin of 
Iceland moss. The oat lichenin is not, however, associated with an 
isolichenin. 


THE purpose of this investigation was to elucidate the constitution of lichenin, a poly- 
saccharide ‘occurring in Iceland moss (Cetraria islandica), and to test the validity of the 
claim ! that a similar substance exists in oats (Avena sativa). Moss lichenin has long been 
known to be a polyglucose,? and the similarity of its structure to that of cellulose was 
established by methylation analysis * and by the isolation of «-cellobiose octa-acetate as 
a product of acetolysis.4 The solubility of moss lichenin in water (although only sparing), 
was recognised as precluding a structure based, like that of cellulose, solely on the 8-1 : 4- 
glucosidic linkage,® but apart from an unconfirmed suggestion that 1 : 1- and 4: 4-linkages 
were present ® the problem was not resolved until 1947 when Meyer and Giirtler * showed 
that the hydrolysis products of methylated lichenin included 2 : 4 : 6-tri-O-methylglucose as 
well as the 2:3: 6-isomer recognised previously. There was obtained nearly twice as 
much of the latter sugar as of the 2: 4: 6-isomer.§ This suggestion that one-third of the 
linkages were of the 1 : 3-type was confirmed when it was shown that periodate consump- 
tion corresponded to the oxidation of only 73% of the glucose units in lichenin,’ these 
being the 1: 4-linked units; the 1 : 3-linked glucose units resist oxidation. Meyer and 
Giirtler’s findings in regard to moss lichenin have since been confirmed and extended by 
Chanda, Hirst, and Manners,® and we are indebted to Professor Hirst for information in 
advance of publication. 

The present investigation had three objectives. First, the determination of the 
configuration of the 1 : 3-linkages [these had been assumed to be in the $-configuration 
because of the magnitude of the optical rotation of lichenin (+18°)}. Secondly, a proof 
that the two linkages, 1:4 and 1:3, are present in the same molecule. Thirdly, the 
question of the relative arrangement of the two types of linkages. All three problems are 
amenable to investigation by the same method, namely, by partial acidic hydrolysis of 
lichenin followed by fractionation and examination of the oligosaccharides liberated. 

The presence of a lichenin-like polysaccharide in oats was reported in 1943 by Morris, 
who noted a similarity in physical properties between the oat polysaccharide and moss 
lichenin. In particular, the cupric chloride crystallisation patterns were identical. The 
structure of this polysaccharide has been investigated in the same way as that adopted 
for moss lichenin. 

Iceland-moss Lichenin.—Lichenin was extracted from tannin-free Iceland moss with 


Morris, J. Biol. Chem., 1942, 142, 881. 

Klason, Ber., 1886, 19, 2541. 

Karrer and Nishida, Helv. Chim. Acta, 1924, 7, 363. 

Karrer, Joos, and Staube, ibid., 1923, 6, 800; Karrer and Joos, Biochem. Z., 1923, 186, 537. 
Staudinger and Lantzsch, J. prakt. Chem., 1940, 156, 65. 

Hess and Lauridsen, Ber., 1940, 73, 115. 

Meyer and Giirtler, Helv. Chim. Acta, 1947, 30, 751. 

Boissonas, ibid., p. 1703. 

Chanda, Hirst, and Manners, J., 1957, 1951. 
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boiling water and repeatedly recovered from aqueous dispersion by freezing and thawing, 
to remove, in particular, isolichenin which is stained blue by iodine. Several methods 
of purification were tested, including precipitation from alkaline solution, treatment with 
a-amylase, and acetylation. A combination of the last two methods was selected for 
large-scale working: the polysaccharide was hydrolysed in 0-33N-sulphuric acid to 46% 
apparent conversion into glucose and the products were fractionated on charcoal-Celite. 

The only monosaccharide detected was glucose. The disaccharide fraction was resolved 
into two components, identified as cellobiose and laminaribiose, in the molar ratio 7-5: 1 
(see Table). The laminaribiose (3-O0-$-p-glucopyranosyl-D-glucose) in the hydrolysate 
confirms the presence in lichenin of the 1 : 3-glucosidic linkage and the $-configuration 
of the link. The ratio of the yield of the two disaccharides cannot be taken as indicating 
the proportions in which the two types of linkage occur in lichenin since control experi- 
ments with laminaritriose and cellotriose showed that 8-1 : 3-linkages are more easily 
hydrolysed by acid than are 6-1: 4-bonds. It should be stressed that the yields of lamina- 
ribiose and cellobiose were sufficiently large to preclude the possibility of their being 
products of acid reversion. The major disaccharide products of glucose reversion are 
isomaltose and gentiobiose,!® and the percentage of glucose transformed into disaccharides 
of all kinds when treated under the same conditions as the moss lichenin was 0-32. The 
glucose acid reversion products included levoglucosan (0-42%).14_ The combined yields 
of laminaribiose and cellobiose represented 18-1% of the original lichenin polysaccharide 
while levoglucosan, isomaltose, and gentiobiose were not in fact detected in the lichenin 
hydrolysate. 

The detection of cellobiose and laminaribiose, and these disaccharides only, is strong 
evidence that the main types of linkage in lichenin are B-1 : 4 and 6-1:3. The order and 
arrangement of the two types were investigated by an examination of the tri- and tetra- 
saccharides liberated by acid hydrolysis. The possible products include five trisaccharides, 
namely, (a) cellotriose, (6) laminaritriose, (c) 4-O-8-laminaribiosylglucose, (d) 3-0-8- 
cellobiosylglucose, and (e) 3: 4-di-O-8-glucosylglucose. The presence of the sugar (e) 
would be indicative of branching in the lichenin molecule. 

The trisaccharide components of the partial acid hydrolysate were eluted from the 
charcoal column in two fractions, A and B, with eluant containing 26-5—30% of ethanol. 
Fraction A proved to be pure cellotriose (confirmed by paper chromatrography, specific 
rotation, and properties of the 8-acetate). Fraction B was shown to be a mixture con- 
taining cellotriose and two other trisaccharides, Bl and B2, neither of which was lamina- 
ritriose. Bl and B2, having the same Ry value, were not separable by paper chromato- 
graphy alone, but chromatographically pure Bl and B2 were obtained by ionophoresis in 
borate buffer on thick paper. The identical Ry value of Bl and B2 was consistent with 
the presence in each of one 6-1 : 3- and one 8-1 : 4-link, while the ionophoretic Mg values !2 
indicate that, of the three trisaccharides (c), (d), and (e), the more mobile Bl was probably 
the trisaccharide (¢d) and B2 was the trisaccharide (c) or (e) or a mixture of both. 

The presence in Bl and in B2 of 1: 3- and 1 : 4links was shown by paper-chromato- 
graphic separation of their partial acid hydrolysates, zones corresponding to glucose, 
cellobiose, and laminaribiose being detected in each case (Fig. 1). The trisaccharides Bl 
and B2 were actually distinguished by the products of the action of almond emulsin 
upon them. This @-glucosidase is known to attack oligosaccharides at the non-reducing 
end linkage.1* The disaccharides produced by the partial hydrolysis of the trisaccharides 
(c), (d), and (e) by the glucosidase would therefore be cellobiose from (c), laminaribiose 
from (d), and both disaccharides from (e) (see Fig. 1). In the actual experiment, tri- 
saccharide Bl yielded one disaccharide only which was identified chromatographically 


10 Thompson, Anno, Wolfrom, and Inatome, J. Amer. Chem. Soc., 1954, 76, 1309. 
11 Peat, Whelan, and Edwards, unpublished work. 

12 Foster, J., 1953, 982. 

13 Edwards, Ph.D. Thesis, University of Wales, 1955. 
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as laminaribiose, thus confirming the earlier inference that Bl was 3--cellobiosylglucose 
(4). Trisaccharide B2 also gave one disaccharide only and this was identified as cellobiose. 
It is inferred that B2 is 4-8-laminaribiosylglucose (c) and that the “ branched ”’ tri- 
saccharide (e) is not found in the partial acid hydrolysate of lichenin. 

The conclusions reached as a result of this study are that moss lichenin is constituted 
of chains of glucose units linked glycosidically by two types of bond, namely, by 6-1 : 4- 
and 6-1 : 3-bonds, that these chains are unbranched, and that the 1 : 3-linkages do not 
occupy adjacent positions in the chain, since laminaritriose is not produced. The work 
therefore supports that of Chanda e¢ a/.* who arrived at identical conclusions from a study 
of the products of hydrolysis of methylated lichenin and from periodate oxidation 
experiments. 

The presence of cellotriose in the partial hydrolysate of lichenin indicates that the 
distribution of $-1 : 4links in pairs is not excluded, as appears to be the case with the 
8-1: 3-links. A relevant question is as to whether all the 8-1: 4links occur in pairs. 
Alternative arrangements could be (i) blocks of three or more 1 : 4-links and (ii) single 
1: 4-links flanked by 1:3-links. This question would be resolved by a study of the 


Fic. 1. Disaccharide products of the acidic and enzymic hydrolysis of some of the possible structural 
trisaccharides of lichenin. 





Reagent : Acid B-Glucosidase 
OB—30B—40 ——- (-e 
OB—30O ee 4-0-B-Laminaribiosylglucose 
Laminaribiose 
+ < OB—408—30 — > 0Of-30 
Op—40 3-0-B-Cellobiosylglucose 
Cellobiose 
Oo 
B OB—-30 
4+ 


amg 5 op t40 


_ OB—4O 
3 : 4-Di-O-B-glycosylglucose 
Key : © Glucose unit. (@ Reducing end glucose unit. 


tetrasaccharide components of the hydrolysate since it was to be expected that the tetra- 
saccharide fraction would include sugar c, with the link sequence 1 : 4-1: 4-1: 4 (cello- 
tetraose), if arrangement (i) obtained, and sugar d with the sequence 1 : 3-1: 4-1:3 in 
case (ii). It will be appreciated, however, that a rigid analysis of the complex mixture 
of products of partial acidic hydrolysis and the isolation and identification of the tetra- 
saccharide components was not practicable. Nevertheless the probable absence of both 
sugars, c and d, can be inferred from the following considerations. 

From a knowledge of the chromatographic Rp values of the members of the cellodextrin 
and laminaridextrin series it is possible to calculate the Ry values of sugars containing 
both 1 : 4- and 1 : 3-linkages (cf. French and Wild). For example, the Rp values found 
experimentally for the trisaccharides Bl and B2 agree closely with the calculated values. 
The Ry value of the tetrasaccharide d was calculated in this way and its presence and 
that of cellotetraose were sought in a lichenin hydrolysate by chromatographic examination. 

The search was facilitated by preliminary separation of the components of a partial 
acid hydrolysate of lichenin into two groups by ionophoresis in borate buffer on thick 
paper. The slowly moving group, S, and the fast moving group, F, had Mg values of 
0-33 and 0-67 respectively. Paper-chromatographic comparison with cellodextrins and 
laminaridextrins indicated that the F group contained laminaribiose and 3-0-8-cellobiosyl- 
D-glucose (sugar B1) as well as glucose (Mg 1-00) while the S group contained members 
having Ry values corresponding to cellobiose, cellotriose, and 4-O0-$-laminaribiosyl-p- 
glucose (B2). In addition, the chromatogram of S showed a tetrasaccharide zone of Ry 


14 French and Wild, ]. Amer. Chem. Soc., 1953, 75, 2612. 
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value corresponding to that calculated for either the tetrasaccharide with link sequence 
1:3-1:4-1:4, or with sequence 1:4-1:3-1:4. It will be observed that the oligo- 
saccharides detected in the ionophoretic group S have a terminal 1 : 4-link at the reducing 
end of the molecule whereas those in group F have a terminal 1 : 3-link.2? If cellotetraose 
(sugar c) or the tetrasaccharide d were present in the lichenin hydrolysate it would there- 
fore be expected that the former would be found in the S group and the latter in the 
mobile F group. The paper chromatogram afforded no evidence however of the presence 
of either sugar c or d. 

There is thus some justification for the view that in the lichenin molecule isolated 
8-1 : 4-linkages or sequences of three or more 6-1 : 4-linkages do not occur and that the 
polysaccharide is constituted of cellotriose units mutually joined by 6-1 : 3-links, i.¢., a 
repeating pattern of the link sequence, 1 : 4-1 : 4-1 : 3, as shownin Fig. 2. Such a struc- 
ture would account for the presence in a partial hydrolysate of the di- and tri-saccharides 
actually detected, for the absence of laminaritriose and the branched trisaccharide (e), 
and for the probable absence of cellotetraose and the tetrasaccharide d. 

This conception of the structure of lichenin is also in fair agreement with the proportion 
of 6-1: 4- to 8-1: 3-linkages determined experimentally. Previous estimates made by 
periodate oxidation 7 *%15 and by methylation analysis *® all fall within the range 67 to 
75%, expressing the proportion of 1 : 4links as a percentage. Our own estimate, based 
on periodate oxidation, is 72-5%. Another method of determining the ratio of @-1: 4- 
to $-1: 3-links is provided by comparing the effects of the cuprammonium ion on the 
specific optical rotations of cellulose and lichenin respectively. If it is assumed }® that 
the change of —1060° observed when cellulose is dissolved in cuprammonium solution is 
due to complex formation with the 2- and 3-hydroxyl groups of the glucose units, then, 
since the 1 : 3-linked glucose units‘of lichenin cannot form such complexes, the change in 
rotation observed with lichenin (—718°) 1” expressed as a percentage of that shown by 
cellulose is a measure of the proportion of 1 : 4-links: this percentage is 69%. 

Oat Lichenin.—The polysaccharide was isolated from oats as described by Morris.! 
By contrast with Iceland moss, the oat lichenin was not contaminated with a soluble 
iodine-staining fraction corresponding to isolichenin. The structural analysis of the oat 
polysaccharide was carried out exactly as for moss lichenin, 7.e., by partial acidic hydrolysis 
and fractionation on charcoal—Celite. The mono-, di-, and tri-saccharide components 
were identical with those obtained from moss lichenin (see Table); 3 : 4-di-O-8-glucosyl- 
glucose and laminaritriose were absent. A search was also made for cellotetraose and 
tetrasaccharide d, again without success. The oat polysaccharide is clearly similar in 
structure to, if not identical with, moss lichenin. The only previous information on the 
structure of oat lichenin was the report,}5 published after this work was complete, that 
cellobiose octa-acetate is obtained after acetolysis, and the inferential demonstration of 
the presence of 1 : 3-links in virtue of the incomplete consumption of periodate by the 
polysaccharide. 

The ratio of 1 : 4- to 1 : 3-links, determined by periodate oxidation, was 76:24. This 
is slightly different from the corresponding ratio for moss lichenin of 72-5: 27-5. On the 
other hand Acker, Diemair, and Samhammer * found oat lichenin to have a lower propor- 
tion (65 : 35) of 1 : 4-linkages than moss lichenin (75: 25). It may be, however, that the 
differences simply reflect an inequality in the molecular weights of the two polysaccharides. 
The ratio of the two linkages is carried out by determining the moles of periodate con- 
sumed per glucose residue; a 1 : 4-linked glucose unit consumes one mole of periodate 
while a 1: 3 linked unit is unattacked. The end-groups, however, consume more than 
one mole of periodate and allowance should be made for their presence when making an 
assessment of the ratio of the two linkages. At the moment we have no information 

18 Acker, Diemair, and Samhammer, Z. Lebensm.-Untersuch., 1955, 100, 180. 


16 Hess, Waltzien, and Messmer, Annalen, 1923, 435, 1. 
17 Hess and Messmer, Annalen, 1927, 455, 194. 
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on the molecular weights of our specimens of lichenin. Acker eé al.® state that oat 
lichenin has a degree of polymerisation of about 380 and that there are 2—3 branch points 
per molecule. We found no evidence of branching in our structural analysis but would 
not expect to detect as little as that suggested. 

Biosynthesis.—The structure shown in Fig. 2 is a pointer to the possible mechanism 
of biosynthesis of lichenin, namely, by the polymerisation of $-cellotriose units through 
1 : 3-linkages, and may even provide a clue as to the mode of biosynthesis of cellulose. 
Thus, it may be that the synthesis of cellulose does not follow the usual pattern of poly- 
saccharide biosynthesis, t.e., by the apposition of monosaccharide units to the growing 


Fic. 2. Suggested structure of lichenin, showing the origin of identified oligosaccharide products of 
partial hydrolysis. 


Laminari- 
biose Cellobiose Cellotriose 
’ _ =—— ~—_ = 
—4O0B—308—408—40B—30B—4OB—4O8—30B—408— 
—S ~~~ -- SN Y 
4-0-B-Laminari- 3-O0-B-Cellobiosyl- 
biosylglucose glucose 


polymer chain, but may take a form of the type postulated for lichenin, i.e., by poly- 
merisation of cellotriose, or other cellodextrin units, through §-1 : 4-linkages. One case 
is already on record where a linear glucose polysaccharide containing two different types 
of linkage has been shown to have these arranged in a regular manner. This is nigeran, 
in which a-1 : 3- and a-1 : 4-links alternate,!® and Barker and Carrington 2° have suggested 
that this might be synthesised 1” vivo from maltose or nigerose or some derivative of these 
disaccharides. A somewhat similar suggestion has been made to account for the origin 
of the points of branching in dextran.”* 


Physical properties of the partial hydrolysis products of Iceland moss and oat lichenins. 





- . B-Acetate 
Yield f [a]p in ~ “~ = 
Sugar Source * (g-) water m. p. {a]p in CHCl, 
GOMCOER  cvcccscocccscseccescscescosocs M 16-3 +52-4° 131—132° + 40° 
O 2-15 +53-4 131—132 + 6-0 
A —- +52-7 135 + 38 
CURIS  cccccceccsccccccessccsesees M 7-46 +34-7 194-5—196 — 5-7 
oO 1-26 +35°5 192-5—193-5 — 5-9 
A — +34-1 193—194 — 71 
SRGMRETEOED  eccsecccseccecccesess M 1-00 +20-3 159—160 — 22-6 
oO 0-57 +20-1 Syrup —25°8 
A _- +18-6 160-5—161-5 —26-1 
CRMCESIOSS cccccccccccvecccccesccocecs M 4-09 +24-3 199-5—200-5 —10-8 
oO t +25-0 195-5—196-5 —10-3 
A — +23-2 201-5—202-5 —10-2 
4-0-B-Laminaribiosylglucose M 0-74 +12-2 121—123 —22-2 
Oo t +14-2 -— — 
3-O-B-Cellobiosylglucose ......... M 1-57 +12-7 108—110 —8-3 
Oo t +11-5 -- -- 


* M = Moss lichenin, O = oat lichenin, A = authentic specimen. 

+ From 50 g. of moss lichenin, containing 44-4 g. of carbohydrate, hydrolysed to 46% conversion 
into glucose, and 25 g. of oat lichenin, containing 22-7 g. of carbohydrate, hydrolysed to 27% conversion 
into glucose. 

¢ Not determined. 


EXPERIMENTAL 
General Methods 


Chromatography and Ionophoresis.—The solvent systems used for descending paper chromato- 
graphy were butan-l-ol—-acetic acid—water (4:1:5, by vol.), butan-1l-ol—pyridine—water 


18 Acker, Diemair, and Samhammer, Z. Lebensm.-Untersuch., 1955, 102, 225. 
1® Barker, Bourne, and Stacey, J., 1953, 3084. 

20 Barker and Carrington, J., 1953, 3588. 

21 Bailey, Barker, Bourne, and Stacey, Naiure, 1955, 176, 1164. 
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(6: 4: 3, by vol.), propan-l-ol-ethyl acetate—water (6: 1: 3, by vol.), and butati-i-ol-ethatiol- 
water—ammonia (d 0-880) (40: 10: 19:1, by vol.). It was usual to examine a sugar fraction 
in two or more of these solvents using Whatman no. 54 paper and to locate the component(s) 
with benzidine-trichloroacetic acid ** (reducing sugars) and silver nitrate-sodium hydroxide * 
(reducing and non-reducing sugars). Preparative paper chromatography was carried out oti 
Whatman no. 3 or 3MM paper (18} x 22} in.), up to 100 mg. of sugar being streaked on a 16 in. 
line parallel to the shorter side of the paper. After irrigation the sugar zones were located by 
spraying 1 cm. wide strips cut from the sides and middle of the paper. The sugars were eluted 
from the main body of the paper by pulping the strips with water. 

Ionophoresis was carried out in an apparatus of the type described by Latner ** which 
would accommodate an 18} x 22} in. sheet of no. 3MM paper. The electrolyte was borate 
buffer (pH 8-7; 4-45 g. of boric acid and 11-45 g. of borax/l.), and the applied potential of 400 v 
ensured that a good separation of oligosaccharides having Mg values of 0-32 and 0-67 (see 
below) was achieved during 18 hr. Preparative electrophoresis was carried out as for paper 
chromatography except that up to 250 mg. of sugar were accommodated on a single sheet of paper. 
After ionophoresis the positions of the separated sugars were located as in paper chromato- 
graphy. Only the benzidine spray could be used; the silver nitrate spray fails to detect sugars 
on borate-impregnated paper. After elution of the sugar from the dried paper the pH of the 
extract was adjusted to about 5 with acetic acid to decompose the complex. The salts were 
then removed by adsorbing the sugar on charcoal—Celite #5 (1:1; 50 g. per g. of sugar) and 
washing with water. The sugar was eluted with 50% ethanol. 

Specific Optical Rotations of Sugars and. Polysaccharides.—All solutions of sugars were 
evaporated to dryness under reduced pressure below 50°. The pH was maintained between 5 
and 7 by addition of sodium hydroxide or acetic acid. For determination of [«], the sugar 
solutions were treated with Somogyi’s deproteinising reagents ** to remove impurities derived 
from filter paper or charcoal—Celite,?5 and their concentrations determined by acidic hydrolysis 
to glucose,?? which was estimated with Somogyi reagent.2® Unless otherwise stated, specific 
optical rotations of sugars and polysaccharides are based on measurements of their glucose 
contents. 

Partial Hydrolysis of Oligosaccharides.—Information about the structures of tri- and tetra- 
saccharides was obtained by paper chromatography of samples partly hydrolysed by acid and 
by almond §-glucosidase *® (emulsin). Acid hydrolysis was carried out by heating the sugar 
(10 mg.) in 0-33N-sulphuric acid for 1 hr. at 100° and then neutralising the cooled solution with 
barium hydroxide. For enzymic hydrolysis the sugar (10 mg.) was incubated at 35° with 
emulsin solution (10 mg. in 1 ml.), and the mixture was then heated to 100° for 5 min. to 
inactivate the enzyme. 

Sugar Acetates.—Acetyl derivatives of sugars were prepared by heating them with sodium 
acetate—acetic anhydride. 

Periodate Oxidation of Lichenin.—Samples of lichenin (about 20 mg. each) were weighed 
into 10 ml. conical flasks, and 0-2M-sodium metaperiodate (1 ml.) was added. The flasks were 
shaken in the dark at room temperature (16—21°) at such a rate that the periodate did not 
come in contact with the rubber stoppers. At periods between 3 hr. and 166 hr. flasks were 
removed for determination of periodate consumption. The mixture was washed into a 250 
ml. flask, 10% potassium iodide (3 ml.) and 2Nn-sulphuric acid (2 ml.) were added, and the 
liberated iodine was titrated with 0-0333N-sodium thiosulphate. Two or three determinations 
were made at each time. When the results were plotted as molecular proportions of periodate 
consumed per glucose residue against time of oxidation it was found that after the initial rapid 
oxidation there was a slow linear increase in periodate consumption, presumably owing to 
over-oxidation. The projection of this line back to the periodate ordinate was used to determine 
the periodate consumption at the end of the initial oxidation and before the onset of over- 
oxidation. 


22 Bacon and Edelman, Biochem. J., 1951, 48, 114. 

23 Trevelyan, Procter, and Harrison, Nature, 1950, 166, 444. 
*4 Latner, Biochem. J., 1952, §1, xii. 

25 Whelan, Bailey, and Roberts, J., 1953, 1293. 

26 Somogyi, J. Biol. Chem., 1945, 160, 69. 

27 Pirt and Whelan, J. Sci. Food Agric., 1951, 2, 224. 

28 Somogyi, J. Biol. Chem., 1945, 160, 61. 

2° Tauber, tbid., 1932, 99, 259. 
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Iceland-moss Lichenin 


Preparation of Lichenin.—Iceland moss (1 kg.) was broken into small pieces and steeped 
in 2% potassium carbonate (15 1.) for 24 hr. The brown liquid was then drawn off and the 
extraction of tannins repeated five times, the final extract being almost colourless. The car- 
bonate was washed away with tap water, and the lichenin then extracted by heating the moss 
with water (6 1.) in a boiling-water bath for 24 hr. The cooled mixture was filtered through 
muslin, and the lichenin residue washed with boiling water (3 1.). The lichenin was brought 
out of solution by alternately freezing (— 20°) and thawing the viscous solution several times 
until the solid became amenable to centrifugation. This material was dissolved in water (4 1.) 
by autoclaving at 10 Ib./sq. in for 1 hr. On cooling, a gel containing suspended polysaccharide 
was obtained. This was heated to 50° with vigorous stirring and human saliva was added 
(40 ml.; 20 ml. of saliva diluted with 20 ml. of water and centrifuged). The mixture was 
cooled to 30° and stored at this temperature for 6 hr.; the pH was 6-5. At the beginning the 
solution and the suspended solid stained an intense blue with iodine, owing to the presence of 
isolichenin. After 90 min. the stain had disappeared from the solution but a faint stain per- 
sisted in the solid particles until the end of the incubation; then the lichenin was precipitated 
by freezing to —20°. After thawing, the solid was removed on a muslin filter, and washed 
successively with water, ethanol, and ether. The air-dried powder (220 g.) contained 30% of 
moisture and 64-8% of polyglucose. It had [a]}? + 18-4° in 2n-sodium hydroxide (¢ 0-4, based 
on polyglucose content). The polysaccharide (200 g.) was acetylated as by Morris,! being 
dissolved in boiling water (240 ml.) and precipitated with ethanol (960 ml.) containing 1% 
of ammonium acetate. The precipitate was washed with ethanol, triturated with pyridine 
(260 ml.), and centrifuged, and the solid was suspended in pyridine (240 ml.) and acetic an- 
hydride (240 ml.), then heated at 100° for 5 hr. Undissolved material was removed by centri- 
fugation and the supernatant liquid poured into water. Thespringy product was washed free from 
pyridine and acetic anhydride, dissolved in acetone, precipitated in water, and dried. The 
product had [a]}* —31-7° in CHCl, (¢ 1-2) [Found: Ac, 42-6. Calc. for (C,,H,,O,),: Ac, 
44-8%]. This was de-acetylated by suspension in 2N-sodium hydroxide (1200 ml.) until 
dissolved (2 hr.), then the brown solution was acidified with acetic acid (1200 ml.) and the 
lichenin precipitated by pouring into ethanol (121.). The precipitate was washed with ethanol 
and ether and allowed to dry in the air. The pale cream-coloured powder (64 g.) contained 
88-8% of polyglucose, 8-8% of moisture, and 1-6% of non-volatile matter. It had [a] +17-7° 
in 2n-sodium hydroxide (c 0-6, based on polyglucose content). 

Hydrolysis and Fractionation of Lichenin.—In preliminary experiments the lichenin was 
dissolved in 2N-sodium hydroxide and then made 0-33N in acid by adding 5N-sulphuric acid. 
When this solution was heated at 100° hydrolysis was extremely slow, only 7-6% conversion 
into glucose being achieved in 3 hr. and 12-0% in 10 hr. as compared with 51% conversion of 
cellotriose and 71% conversion of laminaritriose in 3 hr. in 0-33N-acid. These sugars had not, 
however, first been dissolved in alkali. The retardation of hydrolysis of lichenin was due to 
the primary salt effect *° of the sodium sulphate, present in 0-3N-concentration. It was shown 
in control experiments that potato starch was 87-6% hydrolysed in 0-33N-acid alone during 2-5 
hr. at 100°, whereas when 1-4Nn-sodium sulphate was also present the conversion fell to 9-4%. 
Accordingly the lichenin (50 g., containing 44-4 g. of polyglucose) was suspended in 0-33n- 
sulphuric acid (4 1.) and heated on a boiling-water bath. Samples were removed at intervals 
for determination of copper-reducing power ** and heating was stopped after 7 hr.: the 
apparent conversion into glucose was 45-7%. The cooled, neutralised (sodium hydroxide) 
solution was evaporated to 500 ml. and adsorbed on a charcoal-Celite column (130 x 5 cm.) 
which was eluted with water (13-5 1.) from a reservoir 15 ft. above, fractions being collected 
automatically for 90 min. periods. Initially each fraction was 450 ml. but at the end of the 
experiment the volume was 150 ml. The elution was continued by the gradient method,?! the 
column being fed by a reservoir of water (20 1.) which was continuously replenished through a 
constant-head device with 40% aqueous ethanol. The optical rotation of each fraction was 
measured (4 dm. tube), and the fractions were combined as experience suggested, being taken 
to dryness, dissolved in 80% methanol, filtered, and re-evaporated. After 39 1. of eluate had 


3° Glasstone, ‘‘ Textbook of Physical Chemistry,’’ 2nd Ed., Macmillan, London, 1948, pp. 1115, 1138. 
31 Alm, Acta Chem. Scand., 1952, 6, 1186. 
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been collected the column was eluted with 40% propan-l-ol which removed 9-2 g. of sugar. 
The total yield of all products was 42-7 g. 

Identification of Hydrolysis Products.—(a) Glucose. Optically active material first appeared 
from the column after 2-5 1. of eluate had been collected. The fraction 2-5—7 1. (16-3 g.) 
behaved chromatographically as glucose, no other sugar being detected, and was identified as 
such (Table). 

(b) Cellobiose. The fraction 7—21 1. was free from sugar. Fractions 21—23 1. (2-31 g.) and 
23—24 1. (4-37 g.) contained a single disaccharide identified as cellobiose (see Table). 

(c) Laminaribiose. Fraction 24—26-5 1. (2-29 g.) had [«]}? +25-9° in H,O, and paper 
chromatography showed it to consist of two sugars having the Ry values of cellobiose and 
laminaribiose respectively. These were separated by ionophoresis on thick filter paper and 
0-44 g. of the sugar having Mg value 0-66 was obtained from 0-77 g. of mixture. This sugar 
was identified as laminaribiose (Table). The relative amounts of cellobiose and laminaribiose 
in the original fraction were estimated from the value of [a]p, the values of [a], +34-8° and 
18-6° being assumed for cellobiose and laminaribiose, respectively (see Table). 

(d) Cellotriose. Fraction 26-5—28-5 1. (0-2 g.) was mainly non-carbohydrate material with 
a trace of glucose. Fraction 28-5—31 1. (4-09 g.) contained a sugar having the same Ry» value 
as cellotriose. The value of [«],, was +24-1° on a weight basis and +24-3° based on sugar 
content as measured by acidic hydrolysis. The crystalline 8-acetate was prepared (see Table). 

(e) 4-O-8-Laminaribiosylglucose and 3-O-f-cellobiosylglucose. Paper chromatography of 
fraction 31—35 1. (2-92 g.) showed it to contain two zones, one with the R» value of cellotriose 
and the other moving between cellotriose and laminaritriose. Two zones were also revealed 
after paper-ionophoretic separation, one moving with cellotriose (Mq 0-32) and one with 
laminaritriose (Mg 0-67). These two zones were separated by thick-paper ionophoresis. From 
1-13 g. of trisaccharide 0-34 g. of the slower-moving component and 0-52 g. of faster-moving 
component were obtained. The latter substance was chromatographically homogeneous and 
the means by which it was charaoterised as 3-O-$-cellobiosylglucose are described in the 
Discussion section. 

The component having Mg value 0-32 still behaved chromatographically as did the original 
mixture and was separated by thick-paper chromatography into cellotriose and the substance of 
greater Ry value (0-195 g.). This was characterised as 4-O-§-laminaribiosylglucose (see 
Discussion section). 


Oat Lichenin 


Preparation of Lichenin.—In accord with the procedure of Morris,! crude lichenin was 
extracted from 11 batches of oats (500 g. each). <A total of 74-1 g. of material was obtained, the 
yield in individual extractions varying between 5-40 and 9-70 g. It was confirmed that a 
glucosan and an araban were present,? since glucose and arabinose were released on acidic 
hydrolysis (evidence from paper chromatography). A sugar with the R,» value of xylose was also 
detected. The araban was largely removed by taking advantage of its greater solubility in 
acetic acid, and Morris’s method ! was used to effect this fractionation. In a small-scale 
experiment 8-7 g. of crude lichenin gave glucan (7-6 g.; moisture content, 28-3%; polysaccharide 
content, 87-6% of dry wt.; N, 0-67%) and araban (1-1 g.). In a larger-scale experiment crude 
lichenin (40-7 g.) gave glucan (27-7 g.) and araban (8-86 g.). The final traces of araban were 
removed from the glucan by a repetition of the acetic acid precipitation. Ina third experiment 
with 25 . of crude lichenin, 14-7 g. of araban-free material were obtained after only one precipit- 
ation. The final stage in the purification was the preparation and hydrolysis of triacetyl- 
lichenin. Morris! acetylated his material with pyridine—acetic anhydride and fractionated 
the product by precipitation from ethyl acetate. This was repeated on a small scale but it did 
not seem that any useful purpose was served by this fractionation. The main purpose of the 
acetate formation was removal of protein. The lichenin (39-4 g.) was acetylated as by Morris } 
and then de-acetylated by suspending it in 2N-sodium hydroxide (600 ml.) until it dissolved 
(2 hr.); then acetic acid (600 ml.) and ethanol (3 1.) were added. The polysaccharide was 
centrifuged, washed with ethanol, and dried in a desiccator. The fine white powder (28-7 g.) 
contained 9-3% of moisture. The dried polysaccharide contained 99-8% of polyglucose, 0-36% 
of nitrogen, and 0-78% of non-volatile matter. It had [a]}? +5-6° in 2n-sodium hydroxide 
(c 0-38). 
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Hydrolysis and Fractionation of Lichenin.—The lichenin (25 g.) was moistened with ethanol 
(50 ml.) and dissolved in 2N-sodium hydroxide (500 ml.). 5N-Sulphuric acid was added to 
neutrality, followed by water and a further 170 ml. of acid to a final volume of 2-5 1., so that the 
acid concentration became 0-33N. The solution was heated on a boiling-water bath and the 
rate of hydrolysis was followed by cuprimetric estimation of reducing power.** After 10 hr., 
when the apparent conversion into glucose was 27%, the solution was cooled, neutralised with 
6N-sodium hydroxide, and concentrated to about 500 ml. The solution was adsorbed on a 
charcoal—Celite column (128 x 5 cm.) which was eluted with water (10 1.), as for the moss- 
lichenin hydrolysate, until salts and monosaccharides had been removed. An ethanol gradient 
was then applied and fractions were collected as for moss lichenin. After fraction 28—33 1. 
had been collected the column was eluted with 11 1. of 20% propan-l-ol which removed 12-6 
g. of oligosaccharides. The total yield of all products was 20-5 g. 

Identification of Hydrolysis Products——(a) Glucose. Optically active material appeared 
after 4-5 1. of water eluate had been collected and persisted until 81. The fraction weighed 2-15 
g. and had [a], +55-8° in H,O, on a weight basis. When examined by paper chromatography 
a substance migrating with glucose was detected, together with faint traces of sugars migrating 
with arabinose and xylose. The last two substances probably arose by contamination with 
oat araban. Their total amount was estimated at about 10 mg. The main component was 
then characterised as glucose (see Table). 

(b) Cellobiose. Fraction 8—18 1. contained neither optically active material nor carbohy- 
drate that could be detected on a paper chromatogram. Fraction 18—20 1. (2-14 g.) was 
found by paper chromatography to contain cellobiose and laminaribiose. The former was 
obtained pure by crystallisation from aqueous ethanol (yield, 1-19 g.)._ The results of character- 
isation of the cellobiose are shown in the Table. The [«]}? of the material remaining in the 
mother: liquors was + 23-7° and on the assumption that only cellobiose and laminarobiose were 
present the relative amounts of each were estimated as 30: 70 (for method see moss lichenin). 

(c) Laminaribiose. Fraction 20—21-5 1. (0-71 g.) behaved as a single substance (laminari- 
biose) on paper chromatography (see Table). 

(d) Cellotriose. Fraction 21-5—23-5 1. did not contain any carbohydrate. Fractions 
23-5—25 1. (0-32 g.) and 25—25-5 1. (0-25 g.) contained only cellotriose (evidence from paper 
chromatography and ionophoresis). Fraction 25-5—28 1. (1-44 g.) contained cellotriose and a 
small amount of material of greater Rp value, similar to that encountered in the moss-lichenin 
trisaccharide fraction. The main component was obtained in a yield of 0-62 g. by crystallisation 
from aqueous ethanol and identified as cellotriose (see Table). The main component of the 
mother-liquors was still cellotriose. 

(e) 4-O-8-Laminaribiosylglucose and 3-O-§-cellobiosylglucose. Fraction 28—33 1. weighed 
0-95 g. and paper chromatography showed it to consist mainly of a substance migrating between 
cellotriose and laminaritriose, together with smaller amounts of sugars moving with cello-triose 
and -tetraose. The material was fractionated by chromatography on thick paper (see moss 
lichenin) into the main component (0-55 g.), cellotriose (0-16 g.), and the fraction having the 
Ry value of cellotetraose. Partial acidic hydrolysis showed the last not to be pure cello- 
tetraose since a substance having the same Ry value as the main trisaccharide component was 
released, in addition to cellotriose. The main component was then separated by ionophoresis 
on thick paper into components having Mg value 0-32 (0-12 g.) and 0-67 (0-16 g.). These 
substances were characterised as 4-O-$-laminaribiosylglucose and 3-O-$-cellobiosylglucose, 
respectively, by examination of partial hydrolysates produced by acid and by 8-glucosidase 
(see Discussion and Table). 
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779. Polyfluoroalkyl Compounds of Silicon. Part III. A 
Poly fluoroalkyl Silicone. 


By A. M. GEYER and R. N. HASsZzELpINE. 


Liquid-phase photochemical reaction of methyldichlorosilane with tetra- 
fluoroethylene gives the compound CHF,°CF,*SiMeCl, quantitatively; 
reaction in the vapour phase yields mainly CHF,°CF,°(CF,°CF,],°SiMeCl,. 
Aqueous hydrolysis of the 1:1 adduct gives the polyfluoroalkyl silicone 
[(CHF,°CF,)SiMe-O-},. Thermal decomposition of the unfractionated 
silicone begins at 200° but is incomplete at 320°; trifluoroethylene is the 
main volatile product. Aqueous alkaline hydrolysis of methyl-1: 1: 2: 2- 
tetrafluoroethyldichlorosilane, or of the silicone derived from it, gives 
1:1: 2: 2-tetrafluoroethane. 


A FLUORO-OLEFIN such as tetrafluoroethylene is sensitive to attack by silicon radicals 
such as *SiCl; or ‘SiHMe, which thus initiate a chain reaction.:2 Chain transfer by 


abstraction of hydrogen from an SsiH group by a —CF,°CF,: radical occurs readily so that 


polyfluoroalkylsilicon compounds CHF,-CF,Si< can be obtained in good yield? This 


type of reaction has now been extended to-the synthesis of methyl-1 : 1 : 2 : 2-tetrafluoro- 
ethyldichlorosilane, the precursor of a polyfluoroalkylsilicone: 


MeSiHCI, ——->> *SiMeCl, + H- 
MeSiHCl, 
‘SiMeCI, + C,F, ——» SiMeCl,-GF,°CF,- ———-» CHF, CF,SiMeCl, (I) + -SiMeCl,, etc. 
Exposure of a solution of tetrafluoroethylene in methyldichlorosilane to ultraviolet 
light of wavelength >2200 A causes rapid reaction to give methyl-1 : 1 : 2 : 2-tetrafluoro- 
ethyldichlorosilane (I) essentially quantitatively within a few hours. The propagation 
reaction, 


C.F, 
SiMeCl,-CF,-CF," > SiMeCl,-[CF,-CF,]nCF,CF," 


is prevented by use of a 200% excess of methyldichlorosilane as solvent. It is noteworthy 
that hydrogen is not a product, indicating that the hydrogen atoms react preferentially 
with tetrafluoroethylene.! 

Photochemical reaction of an excess of methyldichlorosilane with tetrafluoroethylene 
in the vapour phase is extremely fast. The propagation step is not prevented as easily as 
for the liquid-phase reaction, and methyl 1: 1: 2: 2-tetrafluoroethyldichlorosilane is 
formed in only 20% yield, with the compounds CHF,°CF,°[CF,°CF,],"SiMeCl, as the main 
product, although increase in the ratio of methyldichlorosilane to tetrafluoroethylene 
would doubtless improve the yield of the 1 : 1 adduct. 

Aqueous hydrolysis of methyl-1: 1: 2: 2-tetrafluoroethyldichlorosilane gives the 
polyfluoroalkylsilicone (II) quantitatively. This is a colourless viscous ether-soluble 
liquid of b. p. >200°. It is stable to water and acids, but is readily cleaved by aqueous 
sodium hydroxide to give 1:1: 2: 2-tetrafluoroethane quantitatively, together with the 
polysiloxane [CH,°SiO,.;], formed by cross-linking of the intermediate polysilanol (III). 


7 putihdl eniath wads dclinal —SiMe—O—SiMe—O—SiMe—O—SiMe—O— 


(II)  CF,CHF, CF,CHF, CF,-CHF, CF,-CHF, OH OH OH OH (III) 
Methyl-1 : 1 : 2: 2-tetrafluoroethyldichlorosilane similarly yields 1:1: 2: 2-tetrafluoro- 
ethane with aqueous alkali. The electron-releasing methyl group thus does not offset the 


1 Part II, Geyer and Haszeldine, J., 1957, 1038. 
2 Haszeldine and Marklow, /., 1956, 962. 
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inductive pull of the polyfluoroalkyl group, which has pseudohalogen character and makes 
the silicon atom sensitive to nucleophilic attack.* 

The infrared spectra of compounds (I) and (II) are very similar, but the latter shows a 
new strong band at 1156 cm.“ which is attributed to the -Si-O-Si- vibration. The C-F 
stretching vibration is at 1110 cm.. 

A preliminary investigation has been made of the thermal stability of the silicone (II). 
Partial decomposition of the unfractionated (by distillation or solvent-extraction) silicone 
occurred at 200° im vacuo, and further decomposition set in when the temperature was 
raised to 260°, then 320°. The gaseous product at each temperature was a mixture of 
trifluoroethylene and compounds (e.g., silicon tetrafluoride) soluble in aqueous alkali. 
The total yield of trifluoroethylene was 47%. Pyrolysis of the silicone thus involves 
abstraction of $-fluorine by silicon with fission of the Si-CF, bond. The compounds 
CF,CI-CF,°SiCl, and CHF,°CF,’SiCl, similarly yield chlorotrifluoroethylene and trifluoro- 
ethylene respectively on pyrolysis. Thermal degradation of the silicon (II) is not 
complete at any one temperature, however, and some of the silicone distils out of the 
pyrolysis furnace. These observations suggest that the unfractionated silicone is a mixture 
of polymers: of different chain length and cyclic siloxanes. The general problem of the 
effect of structure on the thermal stability of polyfluoroalkylsilicon compounds is now 
under investigation, using suitable reference compounds and fractionated polyfluoroalkyl- 
silicones and polysiloxanes. 


EXPERIMENTAL 

Reaction of Methyldichlorosilane with Tetrafluoroethylene.—(a) In silica apparatus. Methyl- 
dichlorosilane (12-25 g., 106-5 mmoles), freshly distilled in vacuo with precautions to remove 
traces of air (Found: M, 115. Calc. for CH,Cl,Si: M, 115) and tetrafluoroethylene (3-55 g., 
35-5 mmoles) (ratio C,F, : CH,SiHCl, = 1: 3) in a sealed 200-ml. silica tube were exposed to 
ultraviolet light from a Hanovia S 250 arc for 64 hr. The main reaction is over within a few 
hours. Both liquid and vapour phase were irradiated. No hydrogen could be detected when 
the tube was connected to an apparatus for the manipulation of gases and opened; even traces 
would have been detected by the sensitive techniques available. Distillation gave unchanged 
methyldichlorosilane (8-2 g., 77%) and methyl-1: 1: 2: 2-tetrafluoroethyldichlorosilane (7-5 g., 
34-9 mmoles, 98%) (Found: C, 17-0; H, 2-0. C,H,Cl,F,Si requires C, 16-7; H, 1-9%), b. p. 
95-5—96-0°/770 mm. Only a very small amount of liquid of higher b. p., probably 
CHF,:[CF,)],°SiMeCl,, remained. 

(b) In a 20-1. flask. The apparatus described earlier * for photochemical reactions on a 
molar scale was used. The reaction of methyldichlorosilane (50-6 g., 440 mmoles) with tetra- 
fluoroethylene (17-0 g., 170 mmoles) (ratio C,F, : MeSiHCl, = 1 : 2-59) in the vapour phase was 
very rapid and globules of product formed as a mist as soon as the ultraviolet light was turned 
on. Reaction was complete after 5—6 hr., and irradiation was continued for a total of 42 hr. 
without further change. Distillation gave unchanged methyldichlorosilane (31-0 g., 61%), 
methyl-1 : 1 : 2 : 2-tetrafluoroethyldichlorosilane (7-28 g., 20%), b. p. 96°, a fraction (18-2 g.) of 
b. p. 98—158°, and a still residue (3-0 g.). The 20-1. flask contained 5 g. of a viscous oil which 
could not be removed by distillation in vacuo. Redistillation of the material of b. p. 98—158° 
gave a fraction, b. p. 140—144°, which is probably CHF,-[CF,],°SiMeCl,, since when hydrolysed 
with 10% aqueous sodium hydroxide it liberated 1:1:2:2:3:3:4: 4-octafluorobutane 
(Found: M,197. Calc. for C,H,F,: M, 202), identified by means of its infrared spectrum. 

Hydrolysis of Methyl-1: 1: 2: 2-tetrafluoroethyldichlorosilane—(a) Aqueous hydrolysis. The 
silane (0-310 g., 1-44 mmoles) was shaken for 30 min. with water (10 ml.) in a 500-ml. bulb in 
absence of air. No volatile products were detected. Extraction of the solution with ether and 
removal of the ether from the dried (Na,SO,) extract at room temperature gave the silicone (II) 
(0-225 g., 1-40 mmoles, 98%) (Found: C, 22-6; H, 2-5. C,H,F,OSi requires C, 22-5; H, 2-5%) asa 
clear, colourless, viscous oil. 

On a larger scale methyl-1 : 1 : 2 : 2-tetrafluoroethyldichlorosilane (6-28 g., 29-2 mmoles) was 
slowly added to a stirred mixture of water (20 ml.) and ether (20 ml.) at 15—20°. The hydrolysis 
is exothermic. The ethereal solution was dried (Na,SO,) and the ether removed by distillation, 


* Barr and Haszeldine, J., 1955, 1881. 
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to leave the silicone (3-91 g., 84%). The oil was heated to 180° without decomposition or signs 
of distillation. 

(b) Aqueous alkaline hydrolysis. Methyl-1: 1: 2: 2-tetrafluoroethyldichlorosilane (0-0893 
g., 0-415 mmole) and 10% aqueous sodium hydroxide (10 ml.), shaken at 20° for 10 min., gave 
1: 1:2: 2-tetrafluoroethane (0-405 mmole, 98%) (Found: M, 100. Calc. forC,H,F,: M, 102), 
identified by means of its infrared spectrum. 

Reactions of the Silicone (I1).—(a) With aqueous alkali. The silicone (0-1996 g., 1-25 mmoles) 
reacted at room temperature with 10% aqueous sodium hydroxide (10 ml.), but the hydrolysis 
was expedited by heating the mixture at 100° for 10 hr. Distillation of the volatile product 
gave 1:1: 2: 2-tetrafluoroethane (1-2 mmoles, 96%) (Found: M, 102. Calc. forC,H,F,: M, 
102), identified spectroscopically. The polysiloxane [CH,°SiO,.;], remaining was identified 
spectroscopically. 

(b) Thermal decomposition. The silicone (0-660 g., 4-1 mmoles) in a platinum crucible was 
heated at 200° in vacuo in a platinum tube for 1 hr. The gaseous product (0-15 mmole) was 
removed as formed by condensation in a trap cooled in liquid oxygen. The temperature was 
next raised to 260° for 2 hr., a further amount (0-9 mmole) of gas being collected in a cooled 
trap. Finally, the temperature was raised to 320° for 1 hr.; further breakdown occurred to 
give gaseous product (0-6 mmole). The same gaseous product was produced at each temper- 
ature, and the combined material (1-65 mmoles) was washed with aqueous sodium hydroxide to 
remove silicon tetrafluoride and fractionated to give trifluoroethylene (1-2 mmoles, 47% based 
on the silicone destroyed) (Found: M, 84. Calc. for C,HF,: M, 82), identified by means of its 
infrared spectrum. Distillation of the more volatile polymer occurred also to some extent 
during the pyrolysis, and this material (0-254 g., 1-59 mmoles, 39%), a thin colourless oil, 
condensed in the cooler parts of the pyrolysis tube. 

Infrared Spectra.—Recorded on a Perkin-Elmer Model 21 with sodium chloride optics, 
these were: 

CHF,:CF,°SiMeCl, (vapour), 2980 (m), 1410 (w), 1379 (s), 1345 (m), 127: 
(vs), 1062 (s), 1027 (s), 847 (w), 805 (s), 762 (s), 650 (w) cm.~?. 

Silicone (ITI) (film), 2975 (m), 1393, 1381 (m, doublet), 1345 (m), 1276 (s), 1204 (w), 1156 (vs), 
1100 (vs, broad), 1017 (w), 785 (s), 646 (w) cm.-}. 

(w = weak, m = medium, s = strong, vs = very strong.) 


One of us (A. M. G.) thanks the Société d’Electro-Chimie, d’Electro-Métallurgie et des 
Aciéries Electriques d’Ugine for leave of absence and financial support. 
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780. Characteristic Infrared Absorption Frequencies in the 
cis—trans Isomers of Dimeric Nitroso-alkanes. 
By B. G. GowENLock, H. SPEDDING, J. TROTMAN, and D. H. WHIFFEN. 


From tables presented of the characteristic infrared absorption fre- 
quencies of trans and cis dimers of nitroso-alkanes it appears that unknown 
dimers could be reliably assigned the cis or trans structure on the basis of 
such spectra. 


BELLamy ! noted that different workers have assigned the N—O stretching frequency in 
C-nitroso-compounds to the range of either 1310—1420 or 1640—1650 cm.*. More recent 
measurements 2 of the infrared absorption spectra of C-nitroso-compounds have indicated 
that the N-O stretching frequency in C-nitroso-monomers differs from that in the C- 
nitroso-dimers: in the monomers the range is 1500—1650 cm.. The C-nitroso-dimers 
exhibit geometrical isomerism about the N-N bond which has considerable double-bond 

1 Bellamy, ‘‘ The Infra-Red Spectra of Complex Molecules,”” Methuen, London, 1954, p. 254. 

2 Tarte, Bull. Soc. chim. belges, 1954, 63, 525. 

% Glusker and Thompson, Spectrochim. Acta, 1954, 6, 434. 

4 Nakamoto and Rundle, J. Amer. Chem. Soc., 1956, 78, 1113. 


5 Miiller and Metzger, Chem. Ber., 1954, 87, 1282, 1449; 1955, 88, 165, 1891. 
* Liittke, Angew. Chem., 1956, 68, 417. Z. Elektrochem., 1957, 61, 302. 
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character; the predominant electronic structures are indicated in (I) and (II). Charac- 
teristic frequencies for the cis and trans dimers must be considered separately and, once 
established, can be used to distinguish the isomers in cases of doubt. 
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Most C-nitroso-dimers as prepared by older methods (cf. Sidgwick *) are trans and some 
have N-O stretching frequencies ®* corresponding to strong infrared absorption bands 
in the region 1160—1300 cm.'. Dimeric nitrosobenzene exists in the cis form ® and has 
a strong double absorption band at 1380—1420cm.*. Benzocinnoline NN’-dioxide (ITI) 
and cis-1 : 4-dichloro-1 : 4-dinitrosocyclohexane (IV), which are limited for steric reasons 


<2) ial 


~ Cl cl IV 
(IIT) of le) al 


to internal dimerization of the nitroso-groups in the cis configuration, exhibit ® a similar 
double band. Recent preparative methods for dimeric nitroso-alkanes § afford new 
compounds of each configuration for substantiating and extending the characteristic 
frequency assignments quoted above. 


EXPERIMENTAL 


cis-Dimeric nitroso-alkanes were prepared by Gowenlock and Trotman’s method.® trans 
Dimers were prepared by shaking the corresponding cis dimer with carbon tetrachloride until 
the almost insoluble cis dimer had been completely transformed to the soluble trams dimer. 
In some cases the solid ¢rams dimer crystallized from such solutions on evaporation. The 
spectra were measured within 48 hr. of preparation and the materials stored in the dark; no 
evidence of oxime formation was observed in the spectra, except in that of the trans dimer of 
2-nitrosobutane. Measurements were made with a single-beam Grubb-Parsons spectrometer 
with a rock-salt prism. The extinction coefficients are given by ¢ = log), (Io/Z)max./cl with ¢ 
in moles/l. and / in cm. as recommended by Jones and Sandorfy,® and are very approximate 
in view of the difficulties of absolute measurement especially with potassium chloride discs. 


RESULTS AND DISCUSSION 


The frequencies of the strong bands of the trans dimers are given in Table 1. The 
usual pattern in carbon tetrachloride solution contains an extremely strong band near 
1215 cm. and a strong band near 1145 cm.-!. The frequencies are scarcely different 
in the solids, though the bands broaden slightly and the maximum extinction coefficients 
are consequently lower. The methyl compound is anomalous in that its strongest band 
is at 1290 cm.*: the frequencies of the sec.-pentyl dimer are low, possibly for some steric 
reason. Miiller and Metzger ® have shown that other secondary trans dimers exhibit a 
low frequency for the band which they ascribe to the antisymmetric N—O stretching mode, 
their values being 1199 cm.“ (cyclo-C,H,,), 1198 cm. (cyclo-C,H,3), 1182 cm.- (cyclo-C,H,,) 
1183 cm.-? (Pr®,CH). However in érans-dimeric nitrosotoluene this frequency drops 5 to 
1166 cm.'. The values of Table 1 for R = Me and But agree well with those of Tarte 2 
and Jander and Haszeldine.!® In contrast, the cis dimers do not have bands with ¢ above 


? Sidgwick, ‘‘ Organic Chemistry of Nitrogen,”” Oxford Univ. Press, 1937, p. 204. 
® Gowenlock and Trotman, /J., 1955, 4190; 1956, 1670. 


* Jones and Sandorfy, ‘‘ Chemical Applications of Spectroscopy "’ (Ed. W. West), Interscience, New 
York, 1956, p. 271. 


10 Jander and Haszeldine, J., 1954, 912. 
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80 in the 1215 cm."' region and the absorption quoted must be considered characteristic 
of the trans dimers. The ¢rans-dimer (1) skeleton has essentially C,, symmetry and two B, 
class skeletal frequencies are expected to lie above 900 cm. and absorb strongly in 
the infrared region; they may be regarded as due essentially to the antisymmetric N-O 
and C-N stretching vibrations. The N-O bonds may have partial double-bond character 
and are strongly polar; the higher frequency and more intense bands of column (i) are 


TABLE 1. Infrared absorption of trans dimers (RNO)s. 


CCl, solution Solid in KBr or KCl 
(i) (ii) (i) (ii) 
R cm." € cm." € cm."} € cm."! € 

WES svccccececes 1290 1500 1129 150 1286 300 1134 100 
BE escccscsnsse 1222 600 1143 150 
Pe ceccisccesee 1210 600 1140 150 
1117 250 
Pe cvusotuccons 1212 500 1140 150 

BP cacancsse 1211 700 1148 200 1212 300 1144 100 

1116 250 1120 20 

BP iciainss 1218 600 1147 150 1215 250 1144 150 

BN? dacccsees 1200 vs fT 1172 m ft 

1118 m ¢ 

1093 m ft 

BP. eins . 1262 400 1181 200 

. 1233 250 
sec.-C,H,, ... 1193 900 1096 100 1191 600 1100 100 
* Dissociates to monomer. + Liquid of uncertain purity. 


The full spectra of the solids in Tables 1 and 2 have been offered to the Documentation of 
Molecular Spectroscopy punched-card collection. 


TABLE 2. Infrared absorption of cis dimers (RNO), in KCl or KBr. 
(i) (ii) (iii) (iv) (v) 


R cm." € cm." € cm. € cm.-} € cm.-? cas 
WE kncbneninins 1387 300 1341 60 = _ 1107 40 1061 30 
(dbl. ?) 1017 200 
BE insncbmaite 1426 80 1323 30 1290 40 1078 50 1043 90 
1370 90 
I cdsinsiaidinl 1431 100 1332 60 1302 50 1082 50 1056 40 
1406 150 1044 80 
1381 70 
TP snnsenniaies 1426 80 1330 70 1300 30 1082 40 1040 
1408 150 (dbl.) 
1382 80 
 ccnsninss 1426 100 1336 50 1296 30 1096 70 1041 150 
1385 150 
a ee 1418 40 1338 30 1304 20 1095 50 1039 80 
1382 70 1287 30 
BP kth 1420 80 1338 50 1296 40 1096 50 1040 100 
1384 100 
sec.-C,H,, .... 1408 150 1323 90 1306 40 1087 80 1045 40 
1377 130 (dbl.) 1031 60 


likely to be mainly due to the stretching of these bonds, though doubtless some mixing 
with the C-N stretching, and other modes, can occur. The symmetric vibrations, 
including the N-N stretching, will be inactive in the infrared region and must be sought 
in the Raman spectra. 

Table 2 indicates the strong bands above 1000 cm.*' in the cis dimers measured in 
potassium halide discs. These have been sorted into five columns which are believed to 
correspond to five characteristic vibrations of the skeleton, though it is possible that some 
feature of the alkyl group has been included. The basic skeleton (II) has C,, symmetry 
and both the A, class, which includes the symmetric N-O and C-N stretching modes and 
the N-N stretching mode, and also the B, class, with the antisymmetric N-O and C-N 
stretchings, will contain infrared-active vibrations. Column (i) includes bands from 
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1370 to 1440 cm.", all of which are of considerable strength. This region is that in which 
C-H deformation vibrations normally absorb and it seems probable that these vibrations 
are coupled with a N-O stretching mode which also lies in this range. The cis dimer of 
nitrosomethane shows only one rather broad and very strong line in this range even though 
a ~CH, deformation frequency is to be expected as well as the N—-O stretching frequency. 
Columns (ii) and (iti) indicate that two further characteristic frequencies lie near 1330 and 
1295 cm. but, though plausibly assigned to the second N-O stretching mode and the 
N-N stretching mode, there is no confirming evidence and no indication as to which is 
which. Again the methyl compound is anomalous in that there is no frequency between 
1109 and 1341 cm.“ to be associated with column (iii). By analogy with the trans com- 
compounds, the lower-frequency bands near 1085 cm. [column (iv)] and 1040 cm. 
[column (v)] are tentatively assigned to the two C-N stretching modes. 

Even though the detailed interpretations suggested above may be wrong the character- 
istic differences in the infrared spectra may clearly be used to supplement the ultraviolet 
spectra § in distinguishing the isomers. 


We thank Miss H. Rogers for measuring some of the spectra, the Royal Society for a grant 
to purchase the spectrometer, the British Cotton Industry Research Association for permission 
(to H. S.) to publish this work, Professor H. W. Melville, F.R.S., for permission (for H. S.) to 
work in his department, and the D.S.I.R. for a maintenance grant (to J. T.). 

DEPARTMENT OF CHEMISTRY, THE UNIVERSITY, BIRMINGHAM, 15. 


British Cotton INDUSTRY RESEARCH ASSOCIATION, 
MANCHESTER, 20. [Received, May 27th, 1957.] 





781. The Reaction of 0-Bromoiodobenzene with Magnesium and 
Lithium. 
By Harry HEANEY, FREDERICK G. MANN, and IAN T. MILLAR. 


o-Bromoiodobenzene with magnesium (one equivalent) forms mainly 
o-bromophenylmagnesium iodide, but with two equivalents forms, in 
addition, o-phenylenedimagnesium bromide iodide and diphenylene. These 
Grignard reagents were identified by carboxylation, and by interaction with 
iododimethylarsine, which gave the corresponding dimethylarsino-deriv- 
atives. In addition, three tertiary arsines, 2-diphenylyldimethylarsine, 2: 2’- 
diphenylylenebisdimethylarsine, and o0-terphenyl-2 : 2”-ylenebisdimethyl- 
arsine, were formed in small amounts. 

o-Bromoiodobenzene with lithium gives diphenyl and triphenylene, and 
this affords the best synthetic route to triphenylene. 

The probable mechanisms by which these products are formed are 
discussed. 


WE have recently described the action of magnesium, lithium, and -butyl-lithium on 
o-di-iodobenzene, and shown that the major products are diphenyl, tri-o-phenylene (I), 
and 2: 2’-di-(o-lithiophenyl)diphenyl (II) respectively.1 We have described also the 
action of magnesium on o-dibromobenzene to form o-bromophenylmagnesium bromide 
(IIT) in 26—30% yield.2 The bromide (IIT) has been prepared also by Wittig and Pohmer,® 
who adduce evidence that it readily loses magnesium bromide to form benzyne (IV) as a 
highly reactive intermediate product, readily undergoing addition reactions. 

In view of these results, we investigated the action of magnesium and of lithium on 
o-bromoiodobenzene. Magnesium (one equivalent) reacts with ethereal o-bromoiodo- 
benzene chiefly to form o-bromophenylmagnesium iodide, the presence of which is shown 

1 Heaney, Mann, and Millar, J., 1956, 1. 


2 Idem, J., 1956, 4692. 
% Wittig and Pohmer, Chem. Ber., 1956, 89, 1334. 
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(a) by hydrolysis, which gives bromobenzene in 34% yield, and (6) by reaction with iodo- 
dimethylarsine, Me,AsI, which affords o-bromophenyldimethylarsine in 52% yield. (The 
value of the iodoarsine for detection and estimation of Grignard reagents has been described 
earlier.1) o-Bromopheny]l derivatives prepared in this way are apt to be contaminated by 
traces of the o-iodophenyl analogues, presumably from o-iodophenylmagnesium bromide 
formed simultaneously with the isomeric Grignard reagent. 


Ms 
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When, however, ethereal o-bromoiodobenzene reacts at 0° with an excess (2-2 
equivalents) of magnesium, the chief products are (a) o-bromophenylmagnesium iodide (V), 
(6) o-phenylenedimagnesium bromide iodide, o-CgH,(MgBr)-MglI, and (c) diphenylene (VI) 
in 3-5% yield based on the dihalide. 

The presence of o-bromophenylmagnesium iodide was shown by the iodoarsine, which 
again afforded o-bromophenyldimethylarsine, and by carboxylation, which furnished 
o-bromobenzoic acid (26% yield after purification). The presence of the di-Grignard 
compound was shown by reaction with the iodoarsine, which also gave o-phenylenebisdi- 
methylarsine, o-C,H,(AsMe,)o, in 8% yield, and by the carboxylation, which also furnished 
benzoic acid (17% yield after purification). The latter probably arises by combination of 
carbon dioxide with one magnesium halide unit in the di-Grignard compound, which is 
rendered inactive then by internal chelation; consequently hydrolysis subsequently 
removes the second unit, forming benzoic acid (cf. p. 3932). Carboxylation also gave 
fluorenone (VII) in 2-5% yield after distillation and crystallisation. 

The use of iododimethylarsine gave, in addition, in small yield a number of other 
tertiary arsines, which are discussed below. 
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Reagents: 1, C,H,8rl; 2, (a) 2Mg, (b) CO,; 3, Br-C,H,-Mgl; 4, (a) Mg, (b) CO,. 


The mechanism whereby diphenylene is formed in the above reactions is of considerable 
interest. It is possible that the magnesium brings about a Fittig reaction to a small extent 
with o-bromoiodobenzene to form 2 : 2’-dibromodiphenyl (IX), which then undergoes an 
intramolecular Fittig reaction to form diphenylene. It is highly improbable, however, 
that 2:2’-dibromodiphenyl is an intermediate, for Rapson, Shuttleworth, and 
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van Niekerk * have shown that this compound in ether reacts very incompletely with 
magnesium even on prolonged heating, and that the Grignard compound so formed, when 
heated with cupric chloride (Krizewski-Turner reaction), yielded diphenylene (4% based 
on the magnesium reacted), tetraphenylene (16%), and diphenyl. The yields of these 
hydrocarbons, calculated on the total dihalide employed, are of course exceedingly small. 

Our reaction occurred in the absence of an added catalyst, and neither 2 : 2’-dibromodi- 
phenyl nor tetraphenylene could be detected in the products. 

It is more probable that the o-bromophenylmagnesium iodide (V) lost magnesium 
halide to form benzyne (IV), which could readily dimerise to diphenylene (VI), as 
Liittringhaus and Schubert have suggested.® The highly reactive benzyne (IV) is probably 
a transient intermediate in the formation of fluorenone (VII), for it could react also with 
the ionised o-bromophenylmagnesium iodide (V) to form 2’-bromo-2-diphenylylmagnesium 
iodide (VIII) which by further reaction with magnesium followed by carboxylation would 
furnish fluorenone (VII). These conversions, from (V)—» (IV) —» (VIII), closely 
follow those suggested by Gilman and Gorsich ® for o-bromophenyl-lithium, analogous to 
(V). The alternative route, whereby the iodide (V) reacts with o-bromoiodobenzene to 
form 2: 2’-dibromodiphenyl (IX), which then similarly gives fluorenone, is highly 
improbable for the reasons stated above. Both routes involve the formation of 2 : 2’-di- 
phenylylenedimagnesium dihalide, which, in spite of its apparent low solubility in ether 
and consequent low reactivity,’ has the two ‘MgX groups in positions which would favour 
strongly cyclic ketone formation after initial reaction with one equivalent of carbon 
dioxide. 

In these experiments, carboxylation of the reaction product was preferred to direct 
hydrolysis, which would probably have given diphenyl, which is difficult to separate from 
diphenylene. 

The reaction mixture produced by the interaction of o-bromoiodobenzene and 
magnesium (3 equivalents) at 0°, when treated with iododimethylarsine, gave rise to 
dimethylphenylarsine, PhAsMe,, in 7% yield, and also to small quantities of three other 
tertiary arsines, 2-diphenylyldimethylarsine (X), 2: 2’-diphenylylenebisdimethylarsine 
(XI) and o-terphenyl-2 : 2’’-ylenebisdimethylarsine (XII). 

The arsine (X) was formed also when o0-di-iodobenzene was treated similarly,’ and it 
was suggested that 2: 2’-di-iododiphenyl was initially formed and then gave rise to a 
di-Grignard reagent of type (XIII), which in turn with iododimethylarsine gave an internal 
chelated compound (XIV), the latter on hydrolysis furnishing the arsine (X). 

It should be noted, however, that, if the bonds to the arsenic atom in the cyclic com- 
pound (XIV) are tetrahedrally disposed, a scale model giving maximum relief of strain by 
rotating the planes of the o-phenylene groups to an angle of ca. 35° to one another, shows 
that the C-Mg-As angle is ca. 65°, whereas if the magnesium in addition remains 
co-ordinated to a molecule of ether, and thus has sf* tetrahedral configuration, this angle 
should be ca. 110°. 

An alternative route to the arsine (X) is possible. Weldon and Wilson 7 have suggested 
that -phenylenebis(magnesium bromide), CgH,(MgBr)s, as a result of the powerful 
inductive effect of the bromomagnesium groups, may undergo partial dissociation in 
ethereal solution to give -MgBr and -C,H,-MgBr radicals, and that the latter abstract 
hydrogen from the solvent to give phenylmagnesium bromide. It is, therefore, not 
improbable that the di-Grignard compound (XIII), formed from the mono-Grignard 
compound (VIII), similarly gives some proportion of the radical (XV), which then affords 
2-diphenylylmagnesium halide (XVI), reaction of which with iododimethylarsine gives the 
arsine (X). 


* Rapson, Shuttleworth, and van Niekerk, J., 1943, 326. 

5 Liittringhaus and Schubert, Naturwiss., 1955, 42, 17. 

* Gilman and Gorsich, ]. Amer. Chem. Soc., 1956, 78, 2217. 
? Weldon and Wilson, /., 1946, 235. 
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Furthermore, if o-phenylenedimagnesium bromide iodide, CgH,(MgBr)-MglI, underwent 


a similar free-radical dissociation, it would explain the formation of dimethylphenylarsine 
on treatment with iododimethylarsine. The formation of benzoic acid on carboxylation 
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* Reagent: 5, Me,Asl. 


also is explicable on the basis of this dissociation, but the complete absence of phthalic acid, 
in contrast to the formation of some o-phenylenebisdimethylarsine with iododimethyl- 
arsine, strongly indicates the formation of a chelated complex as previously suggested,! 
in this carboxylation reaction. 

The diarsine (XI) could clearly arise from direct reaction of a small proportion of the 
di-Grignard compound (XIII) with iododimethylarsine. 

There are a number of possible routes whereby the diarsine (XII) could arise, and very 
little evidence regarding the nature of the intermediate compounds. We suggest that the 
mono-Grignard compound (VIII) reacts also to some extent with benzyne to give the 
Grignard reagent (XVII), which by further reaction with magnesium to give the com- 
pound (XVIII), followed by interaction with iododimethylarsine, would yield the diarsine 
(XII). An internal Fittig reaction occurring in the Grignard reagent (XVII) would 
account for the trace of triphenylene detected when the initial reaction mixture was 
carboxylated instead of being treated with the iodoarsine. 

In assessing the probability of the above reaction routes, it must be emphasised that the 
three tertiary arsines (X), (XI), and (XII) must result from a series of competing reactions, 
all of which only occur to a very small extent. 

The diarsines (XI) and (XII) were identified by analysis and molecular-weight determin- 
ations, by preparation of dimethiodides, and in particular by formation of cyclic deriv- 
atives. Thus the diarsine (XI) readily underwent diquaternisation with ethylene 
dibromide to give the tricyclic diarsonium dibromide (XIX), and the diarsine (XII) with 
potassium palladobromide furnished the cyclic covalent palladium derivative (XX). 

The Grignard solution from the interaction of o-bromoiodobenzene and magnesium 
(2 equivalents) at 0° was also treated with chlorodiethylphosphine, Et,PCl. After 
hydrolysis, the crude product on distillation gave the fractions (a) crude tetraethyldi- 
phosphine Et,P-PEt,, (>) o-bromophenyldiethylphosphine contaminated with the o0-iodo- 
analogue, (c) diphenylene, and (d) a number of smaller, higher, indeterminate fractions 
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which gave no crystalline derivatives. In view of the results of Hart and Mann, this part 
of the investigation was not pursued further. 

o-Bromoiodobenzene, when slowly added in ether to fine lithium foil, underwent a 
vigorous reaction: the temperature was at once reduced to ca. 10° until this stage was 
complete, and the mixture was then diluted with benzene and boiled. After hydrolysis, the 
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PdBr2 (XX) 


organic layer yielded diphenyl (12%) and triphenylene (I) (55%). When in a similar 
experiment the mixture was carboxylated before hydrolysis, the acidic fraction gave an 
unidentified oil, and the organic layer furnished diphenyl (2-8%) and triphenylene (48%). 
The formation of triphenylene in 55% yield provides the best known synthesis of this 
hydrocarbon. 

It was suggested earlier 1 that the production of triphenylene in 29% yield by the action 
of lithium on o-di-iodobenzene arose from the intermediate formation of 2 : 2’-di-iododi- 
phenyl. An analogous route for the production of triphenylene from o-bromoiodobenzene 
is, however, improbable. The first product of the action of lithium on o-bromoiodo- 
benzene would undoubtedly be o-bromophenyl-lithium (XXI), which could react with the 
bromoiodobenzene to give 2: 2’-dibromodiphenyl. It is known, however, that 2: 2’-di- 
bromodiphenyl, when treated with phenyl-lithium (a more forcing reagent than metallic 
lithium for replacement of halogen), gives triphenylene in only 8% yield.® 

An alternative reaction scheme appears more probable. It is known that o-bromo- 
phenyl-lithium (X XI) is highly reactive,* and it readily loses lithium bromide to give in 
good yield products apparently derived from benzyne, such as the adduct of benzyne with 
furan. In our experiments, the highly reactive benzyne thus formed could unite with 
another molecule of o-bromophenyl-lithium (XXI) to give 2’-bromo-2-diphenylyl-lithium 
(XXII), which by further addition to benzyne could give the o-terphenyl derivative 
(XXIII) and thus, by loss of lithium bromide, the triphenylene (I). It may be objected 


Li 
- » ; { vi 
Ce O rs 
~ “is WN 

Br Li Br 


(XX1) (iV) (XXH) 4) 





(XXIII) 


that the production of triphenylene in high yield is being postulated from the lithio-deriv- 
ative (XXII), whereas in similar circumstances the analogous magnesium iodide derivative 
(VIII) gave only a trace of this hydrocarbon. The chemical properties of lithio-derivatives 
are frequently different from those of the corresponding Grignard derivatives, owing (apart 
from other factors) to differences of polarity of the carbon—-metal bond, and to the facts 
that the -MgX unit remains almost certainly co-ordinated to the ether, whereas the lithium 


® Hart and Mann, following paper. 
* Barton and McOmie, J., 1956, 796. 
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is free from such co-ordination: consequently a difference in reactivity between the com- 
pounds (XXII) and (VIII), particularly to reagents such as benzyne, is not unexpected. 

The above experiments, combined with those recorded earlier, show clearly that the 
reaction of magnesium or of lithium on o-bromoiodobenzene or o-di-iodobenzene, followed 
by interaction with a chloro-arsine or -phosphine, does not afford a practicable route for 
the synthesis of o-phenylenebis-arsines or -phosphines of type CgH,(AsR,), and CgH,(PR,)>. 
The effect of nuclear methyl groups is discussed in the following paper.® 

Wittig and Bickelhaupt,?° in a recent brief preliminary note, have claimed that lithium 
reacts with di-(o-phenylene)dimercury to give o-dilithiobenzene in 80% yield, the identity 
of the dilithium compound being confirmed by carboxylation, which furnished phthalic 
acid in 70% yield. This dilithium compound should provide a new synthetic route to the 
o-phenylenebis-arsines and -phosphines. 

We are investigating the chemical properties of cyclic diarsonium dihalides such as 
(XIX) and similar salts obtained with other alkylene dihalides, and the analogous salts 
prepared from the diarsine (XII). 


EXPERIMENTAL 

Compounds are colourless unless otherwise described. All reactions with magnesium and 
lithium were carried out under nitrogen. Carboxylation was carried out by pouring the reaction 
mixture on a slurry of solid carbon dioxide and ether, which was allowed slowly to evaporate. 
M. p.s were determined on a Kofler stage,-except where “I.T.” indicates immersion in a 
previously heated block. 

Interaction of 0-Bromoiodobenzene and Magnesium (One Equivalent)—(A) A solution of 
o-bromoiodobenzene (17-4 g.) in ether (50 c.c.) was added dropwise to a stirred mixture of 
magnesium (1-65 g., 1-0 atom-equiv.) and ether (10 c.c.), which reacted readily, external cooling 
being required. The mixture was stirred at room temperature for 1 hr. before the clear yellow 
solution was hydrolysed with aqueous ammonium chloride. The organic layer, when dried 
(Na,SO,) and distilled, gave bromobenzene, b. p. 149—153°/753 mm. (3-3 g., 34%), and o-bromo- 
iodobenzene, b. p. 117—119°/13 mm. (5-3 g., 29%). 

In a similar experiment the product was carboxylated, but the acidic fraction gave an oil 
which did not crystallise and was not investigated further. The o-bromophenylmagnesium 
iodide was therefore characterised by the use of iododimethylarsine in the following experiment. 

(B) A reaction mixture, similarly prepared from o-bromoiodobenzene (4-50 g.) in ether 
(20 c.c.) and magnesium (0-4 g., 1-0 atom-equiv.) in ether (20 c.c.), was stirred at room temper- 
ature for 1 hr., then cooled in ice-water, and a solution of iododimethylarsine (3-72 g., 1 mol.) 
in benzene (20c.c.) added. The mixture was stirred at room temperature for 30 min. and then 
boiled under reflux for 1 hr. before finally being cooled in ice and hydrolysed with saturated 
aqueous ammonium chloride. 

The organic layer when dried (Na,SO,) and distilled in nitrogen gave iododimethylarsine, 
b. p. 50—70°/13 mm. (0-8 g., 21-5% recovery), and o-bromophenyldimethylarsine, b. p. 125— 
135°/13 mm. (2-2 g., 52%). The latter fraction when treated with an excess of methyl iodide 
deposited o-bromophenyltrimethylarsonium iodide, which, once recrystallised from methanol, 
decomposed without melting at ca. 240° (2-8 g.,45%). Treatment of the iodide with methanolic 
sodium picrate gave the corresponding methopicrate, m. p. and mixed m. p. 181—182°, after 
crystallisation from methanol (lit.,2 m. p. 181—182°). 

In an experiment in which the o-bromophenylmagnesium iodide was prepared at 0°, followed 
by treatment with iododimethylarsine as above, the yield of o-bromophenyltrimethylarsonium 
iodide fell to 34-5%. 

Interaction with Magnesium (2—3 Equivalents)—(A) A solution of o-bromoiodobenzene 
(14-15 g.) in ether (100 c.c.) was added dropwise to a stirred mixture of magnesium (2-67 g., 
2-2 equivs.) and ether (75 c.c.). When the reaction had started, the mixture was cooled in ice- 
water and the remaining dihalide added during 1 hr. Benzene (75 c.c.) was added and the 
mixture stirred at 0° for a further 2 hr., and then at room temperature for 2 hr., and finally 
boiled under reflux for 1 hr., and cooled. The mixture was decanted from excess of magnesium 
(0-65 g., 24% recovery) and carboxylated. 

The product was hydrolysed with dilute aqueous hydrochloric acid, basified, and extracted 

4® Wittig and Bickelhaupt, Angew. Chem., 1957, 68, 93. 
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with aqueous sodium hydroxide, which when acidified deposited a crude semicrystalline acid 
(4-8 g.). Fractional sublimation gave first, at 95—100°/13 mm., a crude acid, m. p. 102—105°, 
which when resublimed afforded benzoic acid, m. p. 115—117° (1-05 g., 17%), increased to 118— 
119° (mixed and unmixed) (0-81 g., 14%) by recrystallisation from light petroleum (b. p. 80— 
100°). Raising the temperature to 130—135°/13 mm. then gave a sublimate of o-bromobenzoic 
acid, m. p. 143—145° (2-8 g., 26%), which when recrystallised twice from light petroleum (b. p. 
80—100°) had m. p. and mixed m. p. 150°. 

The neutral ethereal solution was evaporated and the residue distilled in steam. The crude 
crystalline diphenylene (VI) which distilled had m. p. 98—106°, increased to 107—109° by 
recrystallisation from methanol, and to 110-5—111-5° by sublimation at 100°/13 mm. (Found: 
C, 94-5; H, 5-7. Calc. for C,,H,: C, 94-7; H, 5-3%) (lit.,44 m. p. 110—111°). The identity of 
this hydrocarbon was confirmed by the formation of the scarlet picrate, m. p. 122—123°, from 
ethanolic picric acid (lit.,4 m. p. 122—123°). The ultraviolet absorption spectrum in ethanol 
was in good accord with that reported by Baker, Boarland, and McOmie: 


Observed: 
Amax. (My) 240 248 327 330 339 343 348 358 Amin. (my) 280 352 
OR 9 € 477 505 345 3-46 3-79 3-73 3-54 3-94 logio 2:34 3-51 
Reported: 
Amaz. (™my:) 239 4248 326 330 339 343 «49348 358 Amin. (Ty) 280* 352* 
logy) € 4:77 5-05 3-47 3-49 3-79 3-76 3-58 3-97 logie & 2-3 3°5 


* Exact values not given: these are taken from the graph given by Baker e¢ al.}? 


A further quantity of diphenylene (0-013 g.) (total, 0-134 g., 3-5% based on the amount of 
dihalogeno-compound employed) was obtained by sublimation of the residue from the 
recrystallisation liquors, after removal of solvent and a trace of o-bromoiodobenzene by 
distillation. 

The residue from this last sublimation, on short-path distillation at 145°/0-1 mm., gave 
fluorenone (VII), yellow crystals, m. p. 79—80° (from aqueous ethanol) (Found: C, 86-5; H, 
4-3. Calc. for C,,H,O: C, 86-75; H, 45%) (yield of purified product, 0-118 g., 2.5%). It was 
further identified by means of its ultraviolet spectrum, its 2: 4-dinitrophenylhydrazone, m. p. 
283°, and p-nitrophenylhydrazone, m. p. 268°. 

The neutral residue, non-volatile in steam, on sublimation at 175—180°/0-1 mm. gave 
triphenylene (0-001 g.), m. p. and mixed m. p., 191—192°. A trace of dark solid (ca. 0-005 g.) 
remained, representing the whole of the non-acidic product not identified as described above. 

(B) A solution of o-bromoiodobenzene (56-6 g.) in ether (200 c.c.) was added to magnesium 
(14-58 g., 3 equivs.) in ether (100 c.c.) as described in Expt. (A). Benzene (100 c.c.) was then 
added and the mixture stirred at 0° for a further 2 hr. before addition of iododimethylarsine 
(92-8 g., 4 mols.) in benzene (100 c.c.) during 1 hr. The mixture was stirred at room temper- 
ature for 1 hr., and then boiled under reflux for 1 hr. before being cooled in ice and hydrolysed 
with saturated aqueous ammonium chloride. 

The organic layer when dried and distilled under nitrogen gave the following fractions: 
(i) lododimethylarsine, b. p. 50—70°/13 mm. (11-4 g., 12%); (ii) dimethylphenylarsine, b. p. 
95—110°/13 mm. (3-4 g.), which, treated with an excess of methyl iodide, deposited crystalline 
trimethylphenylarsonium iodide (4-4 g., 6-8%), m. p. and mixed m. p. 243—244° (I.T. 220°) 
(from ethanol) (lit.,15 m. p. 244°). Treatment of this methiodide in ethanol with iodoform also 
in ethanol gave the stable iodoform adduct, m. p. 140—141°, from ethanol (Found: C, 16-1; 
H, 1-9. Calc. for C,H,,AsI,CHI,: C, 16-5; H, 2-2%) (lit.,44 m. p. 143—145°). 

(iii) o-Bromophenyldimethylarsine, b. p. 132—138°/13 mm. (5-4 g.), when treated with an 
excess of methyl iodide deposited crystalline o-bromophenyltrimethylarsonium iodide, which 
decomposed at ca. 240° (yield of purified salt, 8-1 g., 10%). The methiodide as before gave the 
yellow methopicrate, m. p. and mixed m. p. 181—182°, from methanol. An ethanolic solution 
of the arsine when boiled with aqueous-ethanolic potassium palladobromide deposited orange 
dibromobis-(o-bromophenyldimethylarsine) palladium, m. p. 183—185° when thrice recrystallised 
from acetone (Found: C, 24-5; H, 2-8. C,H, .Br,As,Pd requires C, 24-3; H, 2-5%). 


1! Lothrop, J. Amer. Chem. Soc., 1941, 68, 1187. 
12 Baker, Boarland, and McOmie, J., 1954, 1476. 
13 Michaelis and Link, Annalen, 1881, 207, 205. 
14 Steinkopf and Schwen, Ber., 1921, 54, 2969. 
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(iv) A fraction, b. p. 145—180°/13 mm. (15-9 g.), which on refractionation gave: (a) o-Bromo- 
phenyldimethylarsine, b. p. 76—83°/0-2 mm. (6-3 g., 14%) (total yield, 24%), identified as 
before. : 

(b) o-Phenylenebisdimethylarsine, b. p. 90—96°/0-2 mm. (4-1 g., 8%), identified by the 
following derivatives: 

Treatment of the diarsine with methyl iodide at room temperature gave o-phenylenebisdi- 
methylarsine monomethiodide, m. p. 224—226° after crystallisation from ethanol (lit.,15 m. p. 
226—228°). 

Treatment of the base with ethylene dibromide (1 mol.) at 100° for 3 hr. gave AsAsAs’As’- 
tetramethylethylene-o-phenylenediarsonium dibromide, m. p. 255° (from methanol) (lit.,1* m. p. 
255°). An aqueous solution of this dibromide, treated with aqueous sodium picrate, deposited 
the corresponding dipicrate, yellow crystals, m. p. 234—235°, from water (lit.,1® m. p. 234—235°). 

The diarsine (0-157 g.) in ethanol when treated with potassium palladobromide (0-281 g., 
1 mol.) deposited a chocolate-brown almost insoluble compound, probably the salt 
[(C,H,As,Me,),Pd]{PdBr,] which when heated with a mixture of ethanol (20 c.c.) and hydro- 
bromic acid (5 c.c.; d@ 1-50) under reflux gave orange dibromo-o-phenylenebis(dimethylarsine)- 
palladium, m. p. 310—312° (decomp.) (Found: C, 21-8; H, 3-1. C,9H,,Br,As,Pd requires C, 
21-8; H, 2-9%). 

(c) 2-Diphenylyldimethylarsine (X), b. p. 106—114°/0-2 mm. (4-2 g., 8-5%). A portion of 
this arsine, when treated with an excess of methyl iodide, deposited crystals of 2-diphenylyltri- 
methylarsonium iodide, which when recrystallised from methanol had m. p. and mixed m. p. 
259—260°. This iodide, treated with sodium picrate, both in methanol, deposited yellow 
2-diphenylylirimethylarsonium picrate, m. p. 138—139° (from methanol or ethanol) (Found: C, 
49-8; H, 3-8; N, 8-5. C,,H,,O,N,As requires C, 49-5; H, 3-55; N, 8-65%). 

2-Diphenylyldimethylarsine in hot ethanol, when boiled with aqueous-ethanolic potassium 
palladobromide, deposited dibromobis(2-diphenylyldimethylarsine)palladium, orange crystals, 
m. p. 223—224° from acetone (Found> C, 42-7; H, 4-1. C,,H;,Br,As,Pd requires C, 42-95; H, 
3-9%). 

(ad) A fraction, b. p. 116—128°/0-2 mm. (0-6 g.). A portion, when heated with an excess of 
methyl iodide, deposited the crystalline 2 : 2’-diphenylylenebis(trimethylarsonium iodide), m. p. 
286—288° after four crystallisations from methanol (Found: C, 33-8; H, 3-8. C,,H.,I,As, 
requires C, 33-5; H, 4-:0%). 

A second portion, treated with methyl bromide at room temperature for 6 hr., gave the 
highly deliquescent 2 : 2’-diphenylylenebis(trimethylarsonium bromide) dihydrate, m. p. 292— 
294° after crystallisation from ethanol-—light petroleum (b. p. 60—80°) (Found: C, 37-1; H, 
5-6. C,,H.,Br,As,,2H,O requires C, 36-8; H, 5-2%). This salt, treated in ethanol with sodium 
iodide, deposited the above dimethiodide, m. p. and mixed m. p. 286—288°. 

The 2: 2’-diphenylylenebis(trimethylarsonium iodide), when heated at 0-05 mm. in an air 
bath at 260°, decomposed smoothly to give 2 : 2’-diphenylylenebisdimethylarsine (XI) as a colour- 
less viscous distillate, which, after redistillation in nitrogen (b. p. 110°/0-05 mm.), formed 
crystals, m. p. 46—46-5° (Found: C, 52-95; H, 5-4. C,H, As, requires C, 53-05; H, 5-6%). 

An ethanolic solution of the diarsine when boiled with aqueous ethanolic potassium pallado- 
bromide deposited dibromo-(2 : 2’-diphenylylenebisdimethylarsine)palladium, highly insoluble 
orange crystals which, after being washed with water and ethanol, decomposed at ca. 270° 
(Found: C, 30-9; H, 3-7. C,,H,)»Br,As,Pd requires C, 30-55; H, 3-2%). 

A portion of the diarsine (XI) was heated with ethylene dibromide (1 mol.) in a sealed tube 
at 100° for 6 hr. The crystalline product, thrice recrystallised from ethanol-light petroleum 
(b. p. 60—80°), gave AsAsAs’As’-tetramethyl-AsAs’-ethylene-AsAs’-2 : 2’-diphenylylenediarsonium 
dibromide (XIX), m. p. 211—213° (decomp.) (Found: C, 37-35; H, 5-1. C,,H,,Br,As,,14H,O 
requires C, 37-45; H, 4-7%). 

This salt, treated with sodium picrate, both in ethanol, gave the yellow dipicrate, m. p. 250— 
252° when thrice recrystallised from water or acetone (Found: C, 42-1; H, 3-15; N, 9-7. 
C39H.,0,,N As, requires C, 42-5; H, 3-35; N, 9-95%). 

(v) The undistilled residue, when treated with an excess of methyl iodide and a trace of 
methanol, deposited a crystalline methiodide, which when washed with methanol and then 
extracted with ethanol [to remove 2: 2’-diphenylylenebis(trimethylarsonium iodide)] and 

15 Mann and Baker, J., 1952, 4142. 

16 Glauert and Mann, J., 1950, 682. 
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finally recrystallised from a large volume of ethanol, gave o-terphenyl-2 : 2’’-ylenebis(trimethyl- 
arsonium iodide) dihydrate, m. p. 283—285° (3-2 g., 6%) (Found: C, 38-05; H, 4-6. 
C,,H,,I,As,,2H,O requires C, 38-0; H, 45%). Recrystallisation from methanol gave the 
anhydrous di-iodide, m. p. 308—310° (I.T. 260°), 315° (I. T. 300°) (both with decomp.) (Found : 
C, 40-0; H, 4-4. C,,Hg9I,As, requiresC, 39-9; H, 4-2%). Thissalt decomposed smoothly at 235— 
245°/0-2 mm., to give the diarsine as a syrup which crystallised from ethanol, and when then 
recrystallised twice from aqueous ethanol gave o-terphenyl-2 : 2’’-ylenebisdimethylarsine (XII) 
m. p. 92-5—93-5° (Found: C, 60-2; H, 5-2%; M, in boiling ethanol, 430. C,,H,,As, requires 
C, 60-3; H, 5-5%; M, 438). 

An ethanolic solution of the diarsine when boiled with aqueous ethanolic potassium pallado- 
bromide deposited dibromo-o-terphenyl-2 : 2’’-ylenebis(dimethylarsine)palladium (XX), orange 
crystals from dioxan or ethanol, which decomposed above 350° (Found: C, 37-45; H, 3-85%; 
M, in boiling chloroform, 690. C,,H,,Br,As,Pd requires C, 37-5; H, 3-45%; M, 704-5). When 
an aqueous solution of the diarsine and chloroauric acid was gently boiled, dichloro-(o- 
terphenyl-2 : 2’’-ylenebisdimethylarsine)digold was deposited as nearly colourless crystals, m. p. 
180° (Found: Au, 43-75. C,,H.,Cl,As,Au, requires Au, 43-65%. Carbon values were low and 
inconsistent). This compound was unstable, readily depositing gold from ethanolic solution or 
in the solid form. This instability is general for many tertiary arsine—aurous halide complexes.’ 

(C) In another experiment a Grignard solution was prepared as in (B), but with o-bromo- 
iodobenzene and magnesium (2 equivs.), and was then treated with chlorodiethylphosphine 
(2 mols.) as described for the reaction with iododimethylarsine. After hydrolysis with aqueous 
ammonium chloride and drying of the organic layer, the solvents were removed and the residue 
distilled under reduced pressure, giving the fractions, b. p. 55—70°/0-5 mm. (probably crude 
tetraethyldiphosphine) and 70—82°/0-1 mm. The latter gave a methiodide, m. p. 195—196° 
after four recrystallisations from ethanol, probably o-bromophenyldiethylmethylphosphonium 
iodide, contaminated with diethyl-o-iodophenylmethylphosphonium iodide (Found: C, 32-4; 
H, 4-5. Calc. for C,,H,,BrIP: C, 34-1; H, 4-4. Calc. for C,,H,,I,P: C, 31-9; H, 4-1%). 

Extensive fractionation of the material boiling above 82°/0-1 mm. gave a large number of 
fractions, all of which failed to give crystalline derivatives with methyl and ethyl iodide, 
potassium palladobromide, or chloroauric acid. Diphenylene (VI) separated in crude crystalline 
form from all the lower-boiling fractions thus obtained, and when recrystallised from aqueous 
methanol and sublimed at 100°/13 mm. had m. p. and mixed m. p. 110-5—111-5°. 

Repetition of this experiment on a larger scale gave a similar result. 

Interaction of o-Bromoiodobenzene and Lithium.—A solution of o-bromoiodobenzene (14-15 g.) 
in ether (75 c.c.) was added dropwise to a stirred mixture of fine lithium foil (1-42 g., 4 atomic 
equivs.) and ether (75 c.c.) during 1 hr. After an induction period of 10 min., a vigorous 
reaction started and the mixture was then cooled in ice-water while the remainder of the 
dihalide was added, the temperature of the mixture being kept at 10°. Benzene (100 c.c.) was 
then added and the mixture stirred at 10° for 1 hr. and finally at room temperature for 1 hr. 
The mixture was filtered to remove unchanged lithium (0-55 g., 38%) and hydrolysed by pouring 
it on ice. The organic layer was evaporated and the semi-crystalline residue distilled in steam. 
The steam-distillate was extracted with ether, the extract evaporated, and the crystalline 
residue recrystallised from aqueous methanol, to give diphenyl, m. p. and mixed m. p. 69—70° 
(yield of purified product, 0-456 g., 12%). The non-volatile residue was extracted with ether 
and dried (MgSO,) and the solution percolated through alumina. The crystalline material 
obtained by evaporation of the solution, when sublimed at 175—180°/0-1 mm., afforded 
triphenylene (I), m. p. and mixed m. p. 191—192° (2-132 g., 54-5%). 

In a similar experiment the reaction mixture was carboxylated. The acidic fraction was 
an oil. Diphenyl was isolated in lower yield (2-75%) and the main product was again 
triphenylene (48%). 





We are indebted to Dr. S. C. Nyburg for helpful discussions, and to the University College 
of North Staffordshire for the award of a Tutorial Studentship (to H. H.). 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. 
UNIVERSITY COLLEGE OF NORTH STAFFORDSHIRE, 
KEELE, STAFFORDSHIRE. [Received, April 3rd, 1957.] 


17 Mann, Wells, and Purdie, J., 1937, 1828. 
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782. The Synthesis and Properties of 4-Methyl-o-phenylenebis- 
(diethylphosphine). 
By F. A. Hart and F. G. MANN. 


It is shown that 3-bromo-4-iodotoluene reacts with magnesium to give a 
practicable yield of the corresponding di-Grignard reagent, since the product 
when treated with chlorodiethylphosphine affords 4-methyl-o-phenylenebis- 
(diethylphosphine), and with diethyliodoarsine gives the corresponding 
diarsine. 

The diphosphine acts as a powerful chelating molecule in co-ordinating 
with metallic ions. It also unites vigorously with ethylene dibromide by 
diquaternisation, producing the first known compound having a ring system 
consisting solely of carbon atoms and two phosphorus atoms. 

An investigation of the “ stepwise ’’ reaction of the halogen atoms in 
3-bromo-4-iodotoluene with magnesium has revealed 2: 6-dimethyldi- 
phenylene as one of the products. 


A COMPOUND such as o-phenylenebis(diethylphosphine) (I) would be of great value for two 
distinct purposes. It would almost certainly co-ordinate with metals to form a chelated 
ring system of high stability, and it would also undergo diquaternisation with ethylene 
dibromide to form a cyclic system containing two phosphorus atoms. Both types of 
reaction are shown by o-phenylenebis(dimethylarsine) (II)*** and by o-diethylphos- 
phinophenyldiethylarsine (III),*° but the synthesis of compounds of type (II) or (III) 


PEt, . AsMe, AsEt, 
PEt, AsMe, PEt, 
(II) (IIT) 


involves in each case one or more stages which cannot be applied to that of a diphosphine 
of type (I). It was clear, therefore, that the synthesis of the diphosphine (I) would 
probably involve the o-dimetallation (stepwise or in one stage) of the benzene ring: 
on the other hand, the work of Heaney, Mann, and Millar on the action of magnesium and 
lithium on 0-di-iodobenzene * and o-bromoiodobenzene ” showed that the direct production 
of, for example, o-phenylenebis(magnesium halide) occurs in only low yield. 

We have, therefore, investigated the action of magnesium (one equivalent) on 3-bromo- 
4-iodotoluene (IV), to determine in particular whether the highly active iodine would now 
ensure the formation of the Grignard compound (V) without the concurrent and major 
formation of diphenyl derivatives experienced by Heaney, Mann, and Millar. 7 If so, 
the compound (V), treated with chlorodiethylphosphine, Et,PCl, would give the bromo- 
phosphine (VI), which then, on the basis of Jones and Mann’s synthesis of the phosphine- 
arsine (III), might be converted into the lithio-derivative (VII) and thence into the required 
diphosphine (VIII). It was found, however, that the action of one equivalent of magnesium 
on the dihalide (IV) must have given the required Grignard compound (V), together with 
an appreciable proportion of the alternative compound (IX), for treatment with chloro- 
diethylphosphine gave a fraction which contained both the bromo-phosphine (VI) and the 
iodo-phosphine (X), for derivatives of each phosphine could be isolated. Moreover, this 
fraction contained some other component, possibly unchanged dihalide (IV), for treatment 

1 Chatt and Mann, /J., 1939, 1622. 

2 Glauert and Mann, /., 1950, 682. 

3 Mann and Baker, /., 1952, 4142. 

* Emrys R. H. Jones and Mann, J., 1955, 4472 

* Cochran, Hart, and Mann, /., 1957, 2816. 


Heaney, Mann, and Millar, J., 1956, 1. 
7 Idem, J., 1957, preceding paper. 
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with n-butyl-lithium followed by further treatment with chlorodiethylphosphine afforded 
on distillation 2: 6-dimethyldiphenylene (XI) (cf. p. 3941) and no phosphine. The 
absence of a tertiary phosphine in the distillate was presumably due to its quaternisation 
by n-butyl iodide liberated by the action of the n-butyl-lithium : in analogous earlier 


I MoI 
M = mS fy ole rm 
e Br Me Br Me Br Me Li 
(IN ™/ (V) 


(VI) (VII) 


I 
— = I PEt, 
™" - - PEt, Me PEt, 


on (X) (VIII) 


experiments in which m-butyl bromide has been liberated, quaternisation had been 
negligible.*® In view of these difficulties, this ‘‘ step-wise’’ synthetic route was 


abandoned. 
Me ™ Mel AsEt, 
Me Me MgBr Me AsEt, 


(XI) (X11) (X11) 


The ethereal 3-bromo-4-iodotoluene (IV) was therefore treated directly with three 
equivalents of magnesium, and the reaction product then treated, in a model experiment, 
with diethyliodoarsine, Et,AsI. The isolation of 4-methyl-o-phenylenebis(diethylarsine) 
(XIIT) in 23% yield showed that the required di-Grignard reagent (XII) had been formed 
in useful quantity. 

The product from the reaction with three equivalents of magnesium was therefore 
treated with chlorodiethylphosphine (two equivalents), and after hydrolysis furnished two 
main fractions. The first was tetraethyldiphosphine, Et,P*PEt,, which was spontaneously 
inflammable but was identified by its reaction with ethyl iodide to form tetraethyl- 
phosphonium iodide and with aqueous hydrogen peroxide to form diethylphosphinic acid, 
Et,PO-OH, which gave a highly crystalline ammonium salt. 

The second fraction was the required 4-methyl-o-phenylenebis(diethylphosphine) 
(VIII), which after refractionation was obtained as a clear colourless malodorous liquid. 

This diphosphine showed the expected properties. An ethanolic solution, when added 
to aqueous-ethanolic potassium palladobromide (one equivalent) deposited a sticky 
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precipitate : vigorous shaking ultimately gave a clear orange-yellow solution, from 
which the crystalline cream-coloured dibromo-4-methyl-o-phenylenebis(diethylphosphine)- 
palladium (XIV) was isolated. Similarly, the ethanolic diphosphine when added in slight 
excess to ethanolic chloroauric acid gave a colourless solution, which on treatment with 


®§ Mann and Millar, J., 1953, 3746. 
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aqueous sodium iodide gave the highly crystalline colourless di-[4-methyl-o-phenylenebis- 
(diethylphosphine)|gold iodide (XV), identical in type with the diarsine compounds 
prepared by Nyholm ® and the phosphine-arsine compounds prepared by Cochran, Hart, 
and Mann.°® 

The diphosphine (VIII), when warmed with ethylene dibromide (one equivalent), 
reacted vigorously giving a solid product, which on recrystallisation furnished 1: 1: 4: 4- 
tetraethylethylene-4’-methyl-o-phenylenediphosphonium dibromide (XVI; X = Br), the 
structure of which was confirmed by ready conversion by sodium picrate in cold aqueous 
ethanol into the corresponding dipicrate [XVI; X = O-C,H,(NO,)3]. The salt (XVI; 
X = Br) is the first known compound having a ring system consisting of two phosphorus 
atoms linked solely by carbon atoms. 

Although the original fraction of the diphosphine (VIII) was thus pure enough for the 
ready preparation of derivatives, a sample of high purity could not be obtained by the 
further fractionation of the limited quantity available. The pure diphosphine was 
ultimately obtained by gently heating a mixture of the iodide (XV) and copper powder 











5 Q 
i 
p 
| 
s+ _/ 
Me \ 
& j | 
Ulivaviolet absorption specirum of 2: 6-dimethyldiphenylene o, y \ 
(XI) in light petroleum. 2£ \ / \ 
. \ 
Jr \ 
\ \ 
\ ; \ 
\ | 
2| “! 2 





. 
200 250 3OO ISO 400 
Wovelength (my), 


at 200°/0-5 mm., the iodide undergoing smooth decomposition, with liberation of the 
diphosphine. 

The formation of tetraethyldiphosphine Et,P-PEt, in the preparation of the required 
diphosphine (VIII) must result from the direct action of magnesium on the chlorodiethyl- 
phosphine. Experiments in which the proportion of the chlorophosphine was reduced 
always furnished, however, a smaller yield of the diphosphine (VIII). 

The identification of the colourless crystalline 2 : 6-dimethyldiphenylene (XI), m. p. 
139—141°, is based on the following evidence. (a) Analysis and molecular-weight deter- 
minations. (b) The compound could be only the 2: 6- or the 2: 7-dimethyldiphenylene, 
and the latter has been described by Lothrop ?° as pale yellow crystals, m. p. 112°. (c) 
The ultraviolet absorption, determined in solution in purified light petroleum, b. p. 830—100° 
(see Fig.), is closely similar in general type to that of diphenylene.* +12 Moreover, the 
formation of diphenylene by the action of magnesium on o0-bromoiodobenzene 7 makes 
that of dimethyldiphenylene from 3-bromo-4-iodotoluene not unexpected. 

The origin of the dimethyldiphenylene (XI) is at present uncertain. It could arise 
by loss of magnesium halide from either of the Grignard compounds (V) or (IX), or of 
lithium bromide from (XVII), to form the “ tolyne”’ (XVIII), which could dimerise to 


® Nyholm, Nature, 1951, 168, 705; Nyholm and Stevenson, Rec. Trav. chim., 1956, 75, 687. 
10 Lothrop, J. Amer. Chem. Soc., 1941, 63, 1187. 

11 Baker, Boarland, and McOmie, J., 1954, 1476. 

12 Carr, Pickett, and Voris, J. Amer. Chem. Soc., 1941, 68, 3230. 
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the dimethyldiphenylene (XI).*1* This dimerisation might well give a mixture of 2 : 6- 
and 2:7-dimethyldiphenylene. Our distilled material required purification, but with 
the small amount available it was difficult to determine whether the impurity being 
eliminated was mainly an isomer, or other products. One reaction route may be dismissed. 
It is not unlikely that the magnesium when reacting with 3-bromo-4-iodotoluene (IV) 
could form in small amount some 2: 2’-dibromo-4 : 4’-dimethyldiphenyl, which in turn 


Li 
Me Me 
Me Br Me 
Li Br 
(XVII) (XVID (XIX) 


might give the lithio-derivative (XIX), but loss of lithium bromide would then give solely 
2 : 7-dimethyldiphenylene. 

A detailed investigation of the hydrocarbons which may be formed, possibly in very 
small amount, by the action of magnesium, lithium, or n-butyl-lithium on 3-bromo-4- 
iodotoluene (IV) is now being made. 

The stability of the palladium compound (XIV), m. p. >350°, and the aurous iodide 
(XV), m. p. 240—241-5°, indicates the strong chelating power of the diphosphine (VIII). 
This diphosphine, by virtue of the nuclear methyl group, offers greater scope than the 
diphosphine (I) in the study of co-ordination compounds, for (in particular) the fully 
co-ordinated derivatives of 4-co-ordinate metals could show optical activity or cis—trans- 
isomerism, if the metal has the tetrahedral or uniplanar configuration respectively. We 
are now investigating the optical resolution of the aurous iodide (XV), and the chemistry 
of the co-ordinated compounds which the diphosphine forms with various other metallic 
salts. 


EXPERIMENTAL 


Reaction of 3-Bromo-4-iodotoluene (IV) with Magnesium (One Equivalent).—A solution of 
the toluene derivative (IV) (60 g.) in ether (200 c.c.) was added during 30 min. to activated 
magnesium (4-91 g., 1 equiv.), the mixture being continuously stirred under nitrogen in an 
apparatus fitted with a reflux condenser and cooled in ice-water when the vigorous reaction 
started. After the complete addition, the mixture was stirred at room temperature for 20 min., 
and then cooled with ice-water whilst chlorodiethylphosphine (25-2 g., 1 mol.) in benzene (100 
c.c.) was added during 20 min. The mixture was stirred for 1} hr., and then boiled under 
reflux for 1 hr., and finally cooled and hydrolysed with saturated aqueous ammonium chloride. 
The organic layer was separated and dried, and the solvent removed. Distillation at 0-3 mm. 
in nitrogen gave the fractions: (a) b. p. 76—79-5°, 1 c.c.; (b) 79-5—88°, 14-1 g.; (c) b. p. 
96—115°, 8-75 g. A glassy residue (ca. 12 g.) could not be distilled. 

Fraction (a) was discarded. Fraction (b) apparently contained unchanged (IV): it gave, 
in small yield, a methiodide too impure to be purified. 

The presence of the bromo-phosphine (VI) in fraction (c) was shown by treating a portion 
in hot ethanol with aqueous-ethanolic potassium palladobromide, whereby dibromobis-(2-bromo- 
4-methylphenyldiethylphosphine)palladium, orange crystals, m. p. 224—228°, after repeated 
crystallisation from ethyl methyl ketone, was isolated in low yield (Found : C, 33-0; H, 4-65. 
C,,H;,Br,P,Pd requires C, 33-6; H, 4:1%). Potassium palladochloride gave the dichloro- 
analogue, pale yellow crystals, m. p. 227—-230° after similar crystallisation (Found: C, 36-6; 
H, 4-1. Calc. for C,,H;,Cl,Br,P,Pd: C, 37-9; H, 46%). There is little doubt that only 
insufficient material prevented the complete elimination by recrystallisation of the corre- 
sponding derivatives of diethyl-2-iodo-5-methylphenylphosphine (X) from each of these 
palladium compounds. 


13 Cf. Liittringhaus and Schubert, Naturwiss., 1955, 42, 17. 
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The presence of the iodo-phosphine (X) in fraction (c) was shown by treating a second 
portion with methanolic methyl iodide, whereby the methiodide of the phosphine (X) 
was obtained as needles, m. p. 190—192°, after crystallisation from acetone (Found : C, 31-6; 
H, 4:1. C,,H,,I,P requires C, 32-2; H, 4:3%). 

Since the phosphines (VI) and (X) should both give lithio-derivatives, the remainder 
of fraction (c) in light petroleum (b. p. 40—60°) was treated at room temperature under nitrogen 
with »-butyl-lithium (1 mol.) in the petroleum solution, and after being stirred for 20 min., with 
chlorodiethylphosphine (2 mols.) also in petroleum. During hydrolysis of the cooled mixture, 
much insoluble gum was deposited. The dried organic layer, after removal of the solvent, 
gave on distillation solely 2 : 6-dimethyldiphenylene (ca. 0-50 g.), b. p. 118—124°/0-8 mm., which 
readily solidified, and after crystallisation in turn from ethanol and light petroleum (b. p. 80— 
100°), had m. p. 139—141° (Found: C, 93-2; H, 6-7; M, in boiling benzene, 200. C,,H,, 
requires C, 93-3; H, 6-7%; M, 180). 

Reaction with Magnesium (3 Equivalents).—A solution of 3-bromo-4-iodotoluene (IV) (35-8 g.) in 
ether (200 c.c.) was added dropwise to activated magnesium (8-8 g., 3 atom-equiv.) in a nitrogen 
atmosphere as before. When the reaction had well started, the stirred mixture was cooled in 
ice-water whilst the remainder of the solution was added during 30 min. After a further 45 
min., a solution of chlorodiethylphosphine (30 g., 2 mols.) in ether (120 c.c.) was added in 15 
min., a very viscous brown oil separating meanwhile. Benzene (50 c.c.) was then added and 
the mixture boiled for 2} hr., the oil being replaced by sticky solid particles. The cooled 
solution was hydrolysed with saturated aqueous ammonium chloride, and the organic layer 
dried (Na,SO,) and distilled under nitrogen.. After removal of the solvent, the residue at 0-25 
mm. gave the fractions: (a) b. p. up to 77°, 6-5 g.; (b) b. p. 85—104°, 1-76 g.; (c) b. p. 104—112°, 
2-2 g.; (d) b. p. 142—150°, 4-1 g. Since fractions (0), (c), and (d) gave the same derivative with 
aurous iodide, they were united and carefully refractionated, giving the fractions: (i) b. p. ca. 
60°/0-3 mm., 1 c.c.; (ii) b. p. 1O7—115°/0-25 mm., 4-4g. The latter fraction was the diphosphine 
(VIII) (14% yield), but still impure (Found: C, 66-1; H, 8-8. Calc. for C,;H,,P,: C, 67-1; H, 
9-8%). [A repetition of this experiment, in which unchanged magnesium was removed before 
addition of the chlorophosphine, gave only a negligible yield of the diphosphine (VIII).] 

The fractions (a) and (i) were united and distilled up a long column in nitrogen, but gave 
only one indefinite fraction, b. p. 42—60°/0-5 mm. This fraction, which was perhaps without 
equal for its combination of suffocating and nauseating qualities, consisted mainly of tetra- 
ethyldiphosphine. A portion (4-4 g.) in benzene (20 c.c.) was treated with iodine (5-64 g., 0-9 
mol.) in benzene (50 c.c.) under nitrogen. The colour of the iodine was discharged, and a pale 
yellow solid, undoubtedly diethyliodophosphine, Et,PI, was deposited: it was so rapidly 
affected by air that it was not further investigated. A second portion of the diphosphine was 
mixed with an excess of ethyl iodide and boiled for 5min. Evaporation gave a viscous oil, which 
after being washed with ether and benzene afforded crystalline tetraethylphosphonium iodide 
(Found: C, 35-35; H, 7-6. Calc. for C,H,,IP: C, 35-0; H, 7-4%). 

A third portion of this fraction was cautiously added to an excess of aqueous hydrogen 
peroxide (20-vol.), and the solution taken to dryness in a desiccator. The residual diethyl- 
phosphinic acid proved to be deliquescent, and was consequently dissolved in ammonia and the 
solution again taken to dryness. The residue, when stirred with acetone, gave a white deposit 
of ammonium diethylphosphinate, needles, m. p. 160°, from ethanolic solution on dilution with 
acetone (Found: C, 34-65; H, 10-1; N, 10-1. C,H,,O,NP requires C, 34-5; H, 10-1; N, 10-1%). 

Derivatives of 4-Methyl-o-phenylenebis(diethylphosphine) (VIII).—Fraction (ii) proved 
sufficiently pure to be an excellent source of the following derivatives. A solution of potassium 
palladobromide (0-23 g.) in water (1 c.c.) was added with shaking to a solution of the phosphine 
(0-30 g., 2-4 mols.) in ethanol (5c.c.), a sticky precipitate being rapidly deposited. The mixture, 
when shaken for 6 hr., gave a clear orange-yellow solution, which was taken to dryness in a 
desiccator. The residue, when washed with water and recrystallised from ethanol, gave 
dibromo-4-methyl-o-phenylenebis(diethylphosphine) palladium (XIV), hard cream-coloured crystals, 
unaffected by heating to 300° (Found: C, 33-5; H, 5-1. C,;H,,Br,P,Pd requires C, 33-7; 
H, 4:9%). 

The ethanolic phosphine was added to an ethanolic solution of sodium chloroaurate until a 
faint yellow colour persisted. This was removed by the addition of a trace of the phosphine, 
and the addition of aqueous potassium iodide then precipitated a gummy solid, which when 
collected, washed with water, dried, and thrice recrystallised from ethyl methyl ketone furnished 
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colourless bis-[4-methyl-o-phenylenebis(diethylphosphine)|gold iodide (XV), m. p. 240—241-5° 
(Found: C, 42-2; H 6-2. C,,H,,IP,Au requires C, 41-85; H, 6-1%). 

An equimolecular mixture of the phosphine and ethylene dibromide, when cautiously heated, 
reacted vigorously and then solidified. The hard product was digested with sufficient boiling 
ethanol to give a clear solution, which was cooled and diluted with ether. The precipitated 
1:1:4: 4-tetraethylethylene-4’-methyl-o-phenylenediphosphonium dibromide (XVI; X = Br), 
when recrystallised from ethanol, formed needles, unmelted by heating to 340° (Found: C, 
44-8; H, 6-4. C,,H; Br,P, requires C, 44:75; H, 6-6%). This gave a yellow dipicrate (XVI; 
X = -O-C,H,O,N;), m. p. 178—179° (from aqueous ethanol) (Found: C, 46-3; H, 45; N, 11-55. 
Cy 9H;,0,4N,P, requires C, 46-3; H, 4-6; N, 11-15%). 

Preparation of simple quaternary salts such as the ethiodide was not attempted because, 
although in these circumstances quaternisation at one phosphorus atom would tend to de- 
activate the other,* 4 a mixture of isomeric monoethiodides would almost certainly have resulted. 

Isolation of the Pure Diphosphine (VIII).—A mixture of the pulverised iodide (XV) and an 
excess of copper powder was placed in the sealed end of a glass tube, the upper end of which was 
then constricted to form two narrow necks. The tube was evacuated to 0-5 mm. and the 
closed end inserted horizontally into a metal block, which was electrically heated at 200° for 
20 min. The iodide decomposed smoothly, and the liberated pure colourless diphosphine (VIII) 
condensed in the cool portion of the tube between the two necks, which were sealed off after the 
cold tube had been filled with nitrogen (Found: C, 66-8; H, 9-9%). 

A sample of this pure phosphine, when exposed to the air for three weeks, remained a slightly 
viscous liquid, and had not apparently been oxidised. 

4-Methyl-o-phenylenebis(diethylarsine) (XIII).—This diarsine was prepared essentially as 
the diphosphine (VIII), by the action of 3-bromo-4-iodotoluene (9-1 g.) in ether (50 c.c.) on 
activated magnesium (2-25 g., 3 atom-equiv.), followed by diethyliodoarsine (16 g., 2 mols.) in 
ether (30 c.c.). The product, worked up as before, gave on distillation two fractions: (a) b. p. 
60—64°/0-4 mm (2 g.), which was almost certainly tetraethyldiarsine, Et,AssAsEt,, because 
when boiled briefly with methyl iodide it gave diethyldimethylarsonium iodide, m. p. 290° 
(effervescence) from ethanol (Found: C, 25-2; H, 5-6. Calc. forC,H,,[As: C, 24-8; H, 55%), 
and (5) b. p. 100—110°/0-2 mm. (2-2 g., 23%), the diarsine (XIII). 

For rapid characterisation without further purification, the diarsine (XIII) (2 mols.) in 
ethanol was added to a solution of cuprous iodide (1 mol.) in aqueous potassium iodide, which 
was vigorously shaken. The precipitated material, when collected, washed with water, dried, 
and thrice recrystallised from ethyl methyl ketone, afforded di-[4-methyl-o-phenylenebis- 
(diethylarsine)|\copper di-iodocuprite, [2Me°C,H,(AsEt,),,Cu][Cul,], colourless crystals, m. p. 
229—231° (immersed at 220°) (Found: C, 32-9; H, 4:8. (C,,H,,I,As,Cu, requires C, 32-95; 
H, 48%). The evidence that compounds of this type are salts, and not covalent compounds 
formed by the union of the diarsine (1 mol.) with cuprous iodide (1 mol.), has been given by 
Kabesh and Nyholm * and by Cochran, Hart, and Mann.® 


We gratefully acknowledge a grant provided by the Department of Scientific and Industrial 
Research (to F. A. H.). 
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4 Kabesh and Nyholm, /., 1951, 38. 
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783. The Preparation and Quaternisation of 0-Dimethylamino- 
phenyldiethylphosphine and an Analogous Arsine. 


By FREDERICK G. MANN and H. R. Watson. 


The preparation of this amine-phosphine, which was required for a study 
of its co-ordinated metallic derivatives, is described. 

The tertiary phosphine group can be readily quaternised with alkyl 
halides, but this process deactivates the tertiary amine group. Consequently 
alkylene dibromides, such as ethylene, trimethylene, and o-xylylene di- 
bromide, react by quaternisation with two molecules of the amine-phosphine. 

The analogous o-dimethylaminophenyldimethylarsine behaves similarly. 
It reacts also with methanolic o-xylylene dibromide under more vigorous 
conditions to give o-dimethylaminopheny]-2-methoxymethylbenzyldimethyl- 
arsonium bromide. 


PREPARATION of o-dimethylaminophenyldimethylarsine (I) has recently been recorded by 
Mann and Stewart.1. The analogous o-dimethylaminophenyldiethylphosphine (II) was 
also required for a study of the co-ordination properties of the amine-phosphine with 
metallic salts, and particularly the ability of the tertiary amine group to co-operate with 
the phosphine group to form a chelated ring (see following paper ?). 

The amine-phosphine (II) is readily prepared by the action of chlorodiethylphosphine, 
Et,PCl, on the Grignard reagent prepared from o-bromo-NN-dimethylaniline. The 
quaternary salts obtained from this amine-phosphine, and from the amine-arsine (1), 
warrant brief discussion. 


NMe, NMe, NMe, . AsMe2 
Xx 
AsMe2 PEt, PEt,Me AsMe, 
(II) (IV) 


The amine-phosphine (II) reacts readily with methanolic methyl iodide to give the 
methylphosphonium iodide (III; X =I), and even under forcing conditions quaternis- 
ation of the tertiary amine group was not achieved. This was not unexpected, for the 
positive pole on the phosphorus atom would tend largely to deactivate the amine group. 
This deactivation is clearly shown by the fact that the ethanolic solution of the iodide 
when added to an ethanolic solution either of sodium picrate or of sodium picrate and 
picric acid deposited the phosphonium picrate (III; X = O-C,H,O,N,), the free amine 
group being unaffected by the picric acid. 

This deactivation recalls the behaviour of the analogous o-phenylenebis(dimethyl- 
arsine) * (IV), which normally forms only a monometho-bromide and -iodide, and vigorous 
forcing conditions are required to form the dimetho-bromide and -iodide. In contrast 
to this behaviour, the diarsine (IV), when heated with ethylene dibromide, readily under- 
goes diquaternisation with cyclisation to form the ethylenetetramethyl-o-phenylenedi- 
arsonium dibromide (V), and with trimethylene dibromide forms the homologous 
dibromide. 

When however the amine-phosphine (II) was similarly heated with one equivalent of 
ethylene dibromide, under a variety of conditions, the sole product isolated was s-ethylene- 
bis-(o-dimethylaminophenyldiethylphosphonium) dibromide (VI; R = -[CH,],*). The 
deactivation of the amine groups in this compound also was demonstrated by addition of 
the aqueous dibromide to an aqueous solution of sodium picrate and picric acid, whereby 

1 Mann and Stewart, J., 1955, 1269. 


? Mann and Watson, /., 1957, following paper. 
* Mann and Baker, J., 1952, 4142. 
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only the dipicrate (as VI) was precipitated. The amine-phosphine reacted similarly with 
trimethylene dibromide and with o-xylylene dibromide to form the dibromides (VI; R = 
-(CH,],° and -CH,°C,H,°CH,’, respectively). 

This reaction of the amine-phosphine (II) with ethylene dibromide is analogous to that 
shown by hexahydro-1 : 4-diphenyl-1 : 4-azaphosphine * and by hexahydro-1 : 4-diphenyl- 
1 : 4-azarsine,® which by quaternisation with the dibromide become linked solely through 
two phosphorus and two arsenic atoms respectively. 





Me, 

a 
CH, , ; | 
| 2Br° [le N-C,Hy-PEts-R~PEty"CeHs: NMey] 2Br 

+ CH, 

a 

As 

(vy) a (v1) 


There is no doubt that, in all these monoquaternary salts of di-tertiary amine- 
phosphines and amine-arsines, the quaternisation has occurred on the phosphine or arsine 
group and not upon the amine group, for Davies and Lewis ® have adduced both qualit- 
ative and quantitative evidence that, under comparable conditions, the rate of reaction 
of a tertiary phosphine with an alkyl halide is greater than that of the corresponding 
arsine, which in turn is greater than that of the corresponding amine. 

The amine-arsine (I) behaves similarly to the amine-phosphine (II). Mann and 
Stewart! prepared the methiodide (VII; X =I) and the methopicrate (VII; X = 
C,H,O,N;). We find that forcing conditions do not give a dimethiodide, and that 
ethylene, trimethylene, and o-xylylene dibromide react readily to give the crystalline 
dibromides (VIII; R = -[(CH,],°, -[(CH,],°, and -CH,°C,H,°CH,: respectively). 


NMe, > 
_— + 
Kime; [Me,N-CgH4:AsMe,—-R-AsMe."CyH4"NMe, | 2Br 


(VII) (VIII) 


The reaction with o-xylylene dibromide is of particular interest. The dibromide 
(VIII; R =-CH,°C,H,CH,°) was best obtained by boiling a methanolic solution 
of o-xylylene dibromide and the amine-arsine (two molecular equivalents) under 
reflux for 30 min. The dibromide, when heated in a vacuum, underwent decomposition 
with the regeneration of the amine-arsine in high yield. When however an equimolecular 
mixture of o-xylylene dibromide and the amine-arsine in anhydrous methanol was heated 
at 100° for 3 hr., methyl bromide was liberated, with the formation of a highly crystalline 
quaternary bromide, m. p. 162—163°. The dibromide (VIII; R = -CH,°C,H,°CH,’), 
when heated with the amine-arsine (one molecular equivalent) under the same conditions, 
was unaffected, hence the bromide was almost certainly formed by an independent reaction 
and not as a secondary reaction following the initial formation of the dibromide. 

The carbon and nitrogen content of the bromide, m. p. 162—163°, supported by that 
of the corresponding picrate, perchlorate, and chloroplatinate, indicated initially that it 
might be 2-o-dimethylaminophenyl-2-methylisoarsindolinium bromide (IX). This was 
not improbable, for the isoarsindoline ring is known to be readily formed by the thermal 
decomposition of quaternary o-xylylenearsonium bromides. For example, o-xylylenebis- 
(dimethylphenylarsonium bromide) (X) when heated gives 2-phenylisoarsindoline,? and 


* Mann and Millar, J., 1952, 3039. 

5 Beeby and Mann, /., 1951, 886. 

* Davies and Lewis, J., 1934, 1599. 

? Lyon, Mann, and G. H. Cookson, J., 1947, 662. 
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AsAs'-dimethyl-o-phenylene-o-xylylenediarsine dimethobromide (XI) gives o-phenylenebis- 
(2-tsoarsindoline).® 

2-Iodozsoarsindoline * was therefore treated with o-dimethylaminophenylmagnesium 
bromide to give the crystalline 2-o-dimethylaminophenylisoarsindoline, which was then 
converted into the authentic methobromide (IX), which however was not identical with 
the bromide, m. p. 162—163°. The latter was finally identified as o-dimethylaminophenyl- 


Me, 
oO a 
yer CH, AsMe Ph —— 
+ - 
As C,H, Q 2Br vs 
Me\. CH,AsMe,Ph ¢ 2Br 
Br~ me ~ CH, 
(IX) (X) (XL? 


2-methoxymethylbenzyldimethylarsonium bromide (XII; X = Br) by direct comparison 
of its derivatives with those of the corresponding chloride (XII; X = Cl), which was 
synthesised unambiguously by quaternisation of the amine-arsine (I) with 2-methoxy- 
methylbenzyl chloride.® It is clear therefore that the bromide (XII; X = Br) must have 
arisen under the vigorous conditions of the initial preparation by monoquaternisation of 


Nite, x- PEt, PEt, 
AsMe2+CH,*C,4H4*CH,*OMe Me PEt, AsEt, 
(XII) (XII) (XIV) 


one molecule of the amine-arsine (I) with one molecule of o-xylylene dibromide, the 
remaining bromomethyl] group being then converted by the methanol into a methoxy- 
methyl group. 

The synthesis of compounds analogous to (I) and (II) in the nitrogen—phosphorus— 
arsenic series is now complete, for 4-methyl-o-phenylenebis(diethylphosphine) 2 (XIII), 
o-diethylphosphinophenyldiethylarsine #4 (XIV), and o-phenylenebis(dimethylarsine) }* 
(IV), and certain homologues of (XIV) 1 and (IV),}#:13 have been reported earlier. 


EXPERIMENTAL 
All compounds were colourless unless otherwise described. 


o-Dimethylaminophenyldiethylphosphine (II).—A solution of o-bromo-NN-dimethylaniline 
(15-8 g.) in ether (55 c.c.) was slowly added to magnesium (2-1 g.) under ether (7 c.c.), in a 
nitrogen atmosphere. The resulting Grignard solution was boiled under reflux for 45 min., 
then cooled in ice whilst monochlorodiethylphosphine (9-8 g., 1 mol.) in ether (40 c.c.) was added 
dropwise with vigorous stirring. A vigorous reaction ensued, with deposition of a viscous 
yellow oil. The mixture was boiled under reflux for 2 hr., cooled as before, and hydrolysed by 
10% aqueous ammonium chloride (50 c.c.). The dried ethereal layer gave the phosphine (II) 
(55%), of unpleasant odour, b. p. 152—135°/16 mm. (Found: N, 6-8. C,,H,)NP requires 
N, 6-7%). 

Addition of methyl iodide, followed by ether, to a methanolic solution of the phosphine 
deposited the methiodide (III; X =I), m. p. 128—130° after crystallisation from methanol— 
ether (Found: C, 44-3; H, 6-4. C,,H,,NIP requires C, 44-4; H, 6-5%). The same product 
was obtained when a methanolic solution of the phosphine and methyl iodide was boiled under 


8 Emrys R. H. Jones and Mann, J., 1955, 405. 
®* Mann and Stewart, J., 1954, 2819. 

10 Hart and Mann, J., 1957, preceding paper. 

11 Emrys R. H. Jones and Mann, J., 1955, 4472. 
12 Chatt and Mann, /., 1939, 610. 

13 Cochran, Hart, and Mann, /., 1957, 2816. 
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reflux for 5 hr. Addition of the methiodide to an excess of sodium picrate, both in aqueous 
solution, gave the yellow methopicrate (III; X = O-C,H,O,N;), m. p. 111°, from water (Found: 
N, 12-45. C,,H,,O0,N,P requires N, 12-4%). Repetition of this experiment, with sodium 
picrate and picric acid, gave the same methopicrate, m. p. 110° (unrecrystallised), unchanged 
on admixture with the previous sample. 

Quaternisation of the Amine-phosphine (II) with Alkylene Dibromides.—(A) A mixture of the 
amine-phosphine (0-42 g.), ethylene dibromide (0-38 g., 1 mol.), and methanol (5 c.c.) was heated 
in a sealed tube at 100° for 4 hr. Evaporation under reduced pressure at room temperature 
left a gum, which when recrystallised from acetone-methanol, gave the dibromide (VI; R = 
*(CH,],*), m. p. 221—224° (Found: C, 51-6; H, 7-3; N, 4-6. C, .H,,N,Br,P, requires C, 51-5; 
H, 7-3; N, 46%). 

The dibromide in methanol when added to a methanolic solution of sodium picrate, or of 
sodium picrate and picric acid, gave the dipicrate (as VI; R = *(CH,),*), yellow needles, m. p. 
183—184°, unchanged by crystallisation (Found: C, 50-4; H, 5-2; N, 12-5. C3g,H,ygO,yN,Pz 
requires C, 50-5; H, 5-3; N, 12-4%). 

(B) A mixture of the phosphine (0-42 g.), trimethylene dibromide (0-40 g., 1 mol.), and 
methanol (6 c.c.), when treated as in (A), gave a gum which was vigorously stirred with ether, 
and then crystallised from acetone at —75°, but the s-trimethylenebis-(o-dimethylamino- 
phenyldiethylphosphonium) dibromide (VI; R = -(CH,],*) remained extremely deliquescent 
even after several recrystallisations. It was therefore added to potassium iodide, each in 
concentrated aqueous solution, whereby the di-iodide monohydrate separated as needles, m. p. 
186° (Found: C, 44-7; H, 6-6. C,;H,,N.I,P,,H,O requires C, 44-3; H, 66%). The dibromide 
gave a dipicrate, yellow plates, m. p. 158—159° from methanol (Found: C, 51-4; H, 5-1; N, 
12-1. C,,H;,0,,N,P, requires C, 51-2; H, 5-1; N, 12-2%). 

(C) The phosphine (0-42 g.), o-xylylene dibromide (0-53 g., 1 mol.), and methanol (4 c.c.), 
when treated as in (A), gave a gum which was stirred with ether and then treated with boiling 
acetone, in which it was only sparingly soluble. The gum was thus converted into minute 
hygroscopic crystals of s-o-xylylenebis-(o-dimethylaminophenyldiethylphosphonium) dibromide 
(VI; R =-CH,°C,H,°CH,°), m. p. 223—224° (Found: C, 55-9; H, 6-9. C,,H,,N.Br,P, 
requires C, 56-3; H, 7:0%). It gave a yellow dipicrate, m. p. 141° (from methanol) (Found: C, 
53-85; H, 5-7; N, 11-6. C,,H;,0,,N,P, requires C, 54-1; H, 5-3; N, 11-45%). 

Quaternisation of the Amine-arsine (I) with Alkylene Dibromides.—(D) Condensation of the 
arsine with ethylene dibromide, performed as in (A), furnished the crystalline s-ethylenebis-(o- 
dimethylaminophenyldimethylarsonium) dibromide (VIII; = *(CH,],*), m. p. 191—192° 
(from acetone containing a trace of methanol) (Found: C, 41:3; H, 59; N, 41. 
C,,.H;,N.Br,As, requires C, 41-4; H, 5-65; N, 4-4%). It gave a dipicrate, deep mustard-yellow 
needles, m. p. 150° (from ethanol) (Found: C, 43-5; H, 4-5; N, 11-9. C3,H4,9O,,4N,As, requires 
C, 43-7; H, 4:3; N, 12-0%). 

(E) The arsine, condensed with trimethylene dibromide as in (B), gave a gum, which was 
initially obtained crystalline by slow addition of ethyl acetate to a solution of the gum in acetone 
containing a trace of methanol. The crystals then recrystallised directly from the acetone— 
methanol, affording the dibromide (VIII; R = -(CH,],°), m. p. 209—210° (decomp.) (Found: 
C, 42:0; H, 6-2; N, 4-2. C,,H,;,N,Br,As, requires C, 42-3; H, 5-8; N, 4:3%). It gave a 
dipicrate, m. p. 113° (decomp.) (Found: C, 44-2; H, 4-8; N, 12-0. C,;H,,0,,N,As, requires 
C, 44-3; H, 4-4; N, 11-8%). 

(F) (i) A solution of the amine-arsine (0-75 g.) and o-xylylene dibromide (0-43 g., 0-5 mol.) in 
methanol (10 c.c.) was boiled under reflux for 30 min., and then evaporated to dryness at 20 mm. 
The crystalline residue, when recrystallised from acetone—-methanol, gave s-o-xylylenebis-(o- 
dimethylaminophenyldimethylarsonium) dibromide (VIII; R = *CH,°C,H,°CH,*), m. p. 203° 
(decomp.) (Found: C, 46-8; H, 5-9; N, 4:0. C,,H, ,N,Br,As, requires C, 47-1; H, 5-6; N, 
39%). It gave a dipicrate, brilliant yellow needles, m. p. 166° (from ethanol) (Found: C, 47-3; 
H, 4:9; N, 11-0. Cy oH,y,0O,,N,As, requires C, 47-5; H, 4-4; N, 11-0%). 

A mixture of this dibromide (1-0 g.), o-xylylene dibromide (0-37 g., 1 mol.), and methanol 
(2 c.c.) was heated in a sealed tube at 100° for 3hr. The product yielded solely the unchanged 
arsonium dibromide. 

The dibromide (1-4 g.), when heated at 14 mm., decomposed smoothly, giving a minute 
fraction, b. p. 87°/14 mm., and a much larger fraction, b. p. 120—142°/14 mm., having a strong 
odour of the amine-arsine (I). The quantity of this fraction precluded useful refractionation, 
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and for identification it was therefore heated with methanolic methyl bromide at 45° for 3 hr. 
The product was evaporated in a desiccator to a semi-solid residue, an ethanolic solution of 
which, when chilled and cautiously diluted with ether, deposited the crystalline methobromide 
(VII; X = Br), m. p. 260—261° (effervescence) after recrystallisation from acetone containing 
a trace of methanol (Found: C, 40-9; H, 5-45; N, 4-5. C,,H,,NBrAs requires C, 40-8; H, 5-9; 
N, 44%). It gave the yellow methopicrate (VII; X = O-C,H,O,N;,), m. p. 180—181° (from 
ethanol) (Found: N, 12-0. Calc. for C,,H,,O,N,As: N, 12:0%). Mann and Stewart?! give 
m. p. 179—181°. 

(ii) A mixture of the arsine (I) (0-45 g.), o-xylylene dibromide (0-53 g., 1 mol.), and anhydrous 
methanol (6 c.c.) was heated in a sealed tube at 100° for 3 hr. The cold product when gently 
warmed evolved methyl bromide. It was then evaporated to dryness at 20 mm. and the 
crystalline residue, when recrystallised from acetone—methanol, afforded o-dimethylaminophenyl- 
2-methoxymethylbenzyldimethylarsonium bromide (XII; X = Br), m. p. 162—163° (Found: C, 
51-6; H, 6-6; N, 3-1; Br, 18-55. C,,H,,ONBrAs requires C, 51-8; H, 6-1; N, 3-2; Br, 18-2%). 

The bromide in aqueous solution gave a yellow picrate (XII; X = O-C,H,O,N,), m. p. 104° 
(from methanol-ether) (Found: C, 51-3; H, 5-1; N, 9-65. C,;H,,O,N,As requires C, 51-0; 
N, 4-9; N, 9-5%). The bromide solution, when added to an excess of 30% aqueous perchloric 
acid, deposited the perchlorate hemihydrate (XII; X =ClO,), needles, m. p. 159—160°, 
unchanged by crystallisation from 5% perchloric acid (Found: C, 48-9; H, 6-0. 
C,,H,,O,NCIAs,}H,O requires C, 48-7; H, 6-0%). The aqueous bromide, when added to an 
excess of chloroplatinic acid, gave the crystalline chloroplatinate monohydrate, m. p. 192—193° 
(decomp.) (Found: C, 39-7; H, 4:95. C,,H,,O,N,Cl,As,Pt,H,O requires C, 39-8; H, 49%). 

Direct Synthesis of the Chloride (XII; X = Cl).—A solution of the amine-arsine (I) (0-251 g.) 
and 2-methoxymethylbenzyl chloride (0-190 g., 1 mol.) in methanol (7 c.c.) was heated under 
reflux for 2 hr., and the solvent evaporated. The residue, when triturated with ether, gave the 
crystalline hygroscopic chloride, m. p. 140—142° after crystallisation from acetone—ether (Found: 
C, 57-4; H, 7-1. C,,H,,ONCIAs requires C, 57-65; H, 6-8%). 

The chloride, when added to an excess of sodium picrate, both in aqueous solution, deposited 
the oily picrate which slowly solidified when the mixture was shaken: recrystallisation from 
ethanol gave the pure picrate, m. p. 103—104°. The perchlorate, also prepared from the 
chloride, formed colourless crystals, m. p. 159—160°, from water (Found: C, 49-5; H, 5-7. 
C,,H,,O,;NCIAs requires C, 49-6; H, 5-7%). The m. p.s of the picrate and perchlorate were 
unaffected by admixture with the corresponding salts prepared by the o-xylylene dibromide 
method described above. 

2-0-Dimethylaminophenylisoarsindoline.—2-Iodoisoarsindoline (3-4 g.) in benzene (30 c.c.) 
was added with stirring to a Grignard reagent prepared from o-bromodimethylaniline (2-8 g.) 
and magnesium (0-34 g.) in ether (7 c.c.) under nitrogen. The ether was distilled from the 
mixture, which was then boiled under reflux for 3 hr., a copious deposit separating. After 
hydrolysis of the cold mixture with aqueous ammonium chloride, the organic layer was 
separated, washed with water, dried (Na,SO,), and distilled, affording the isoarsindoline (2-25 g., 
68%), b. p. 151—154°/0-5 mm., m. p. 75° (from methanol) (Found: C, 63-9; H, 6-0; N, 4-8. 
C,,.H,,NAs requires C, 64-2; H, 6-0; N, 4-7%). 

A mixture of the isoarsindoline (0-5 g.), methyl bromide (1 g.), and methanol (4 c.c.) was 
heated in a sealed tube at 75° for 3 hr. The solution was evaporated, and the residual gum, 
on trituration with ether, gave the crystalline methobromide hemihydrate (IX), m. p. 
189—190° (effervescence) (Found: C, 50-35; H, 5-85. C,,H,,NBrAs,}H,O requires C, 50-6; 
H, 5-35%). An aqueous solution of the bromide, when added to 5% aqueous perchloric acid, 
deposited the perchlorate (as IX), colourless needles, m. p. 156° (from water) (Found: 
C, 49-1; H, 5-5. C,,H,,O,NCIAs requires C, 49-3; 5-1%). A mixture of this salt and of (XII; 
X = ClO,) had m. p. 137—140°. 


We gratefully acknowledge a grant provided by Albright and Wilson Ltd. (to H. R. W.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, April 4th, 1957.) 








3950 Mann and Watson: The Constitution of 


784. The Constitution of Complex Metallic Salis. Part XVII.* 
Palladium Derivatives of o-Dimethylaminophenyldiethylphosphine. 
By FREDERICK G. Mann and H. R. Watson. 


Many co-ordinated derivatives of palladium with the above amine- 
phosphine have been prepared in order to study the conditions under which 
the amine-phosphine acts as a co-ordinating chelate group or as a single co- 
ordinating unit. 

The remarkable type of tautomerism previously shown to occur with the 
palladium bromide derivatives of an analogous amine-arsine occurs also in 
the present series, and is most evident in the palladium iodide derivatives of 
the amine-phosphine. 

The amine-phosphine reacts with potassium palladonitrite to give the 
normal types of complex compounds, and also (very readily) to give scarlet 
derivatives having the bridged y-nitrito-y’-hydroxo-dipalladium structure. 


In a study of the co-ordinated palladium derivatives of o-dimethylaminophenyldimethyl- 
arsine, Mann and Stewart ! showed that, in many of these derivatives, the amine-arsine 
was acting as a chelate group, the normally weak co-ordinating power of the tertiary 
amine group being reinforced by that of the tertiary arsine group. A strongly co-ordinat- 
ing radical, such as bromide or iodide ions, could however replace the co-ordinated amino- 
group by breaking the chelate ring and thus becoming itself co-ordinated. In one instance, 
this process could be readily reversed, the direction being dependent on the solvent and 
the temperature, and both isomeric compounds could exist in tautomeric equilibrium in 
one solvent. 

In view of these results, we have examined in some detail the palladium derivatives of 
an analogous amine-phosphine, o-dimethylaminophenyldiethylphosphine (I) (see Mann 
and Watson 2), and find that these derivatives illustrate clearly both the above and certain 
additional structural features. 

For clarity of presentation, these compounds will be formulated throughout as deriv- 
atives of 4-co-ordinate palladium. The possibility that palladium adopts other co-ordin- 
ation values in these derivatives is discussed below (p. 3956). 

Addition of the phosphine (I) in ethanol to warm aqueous potassium palladochloride 
(1 equivalent) caused immediate precipitation of yellow-brown bis-(o-dimethylamino- 
phenyldiethylphosphine)palladium palladochloride (II; X = Cl). This compound, when 
suspended in boiling ethanol, underwent slow conversion into the yellow crystalline 
dichloro-o-dimethylaminophenyldiethylphosphinepalladium (III; X = Cl), the covalent 
character of which is shown by its solubility in non-polar solvents and by its molecular 
weight in boiling chloroform. 

When two equivalents of the ethanolic phosphine (I) were added to warm aqueous 
potassium palladochloride, the palladochloride (II; X = Cl) was initially precipitated, 
but rapidly dissolved to give a solution of bis-(o-dimethylaminophenyldiethylphosphine)- 
palladium dichloride dihydrate (IV; X = Cl). This compound is colourless in the solid 
state and in cold aqueous solution, the molar conductivity of this solution demonstrating 
the presence of three ions. Attempts to remove the water molecules proved unsuccessful, 
but only moderate dehydrating conditions could be employed, for the dichloride dihydrate 
when heated or when kept in a vacuum readily lost one molecule of phosphine to form the 
dichloro-complex (III; X = Cl). 

An aqueous solution of dichloride (IV;- X = Cl) when warmed developed a yellow 
colour, which became deeper with increasing temperature. Yellow solutions were also 


* Part XVI, Cochran, Hart, and Mann, /., 1957, 2816. 


1 Mann and Stewart, J., 1955, 1269. 
* Mann and Watson, /., 1957, preceding paper. 
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obtained in cold less polar solvents such as methanol, ethanol, chloroform, and benzene, 
the colour being deeper in the solvents of lower polarity (e.g., solutions in benzene and 
toluene are deep orange-yellow). In all these organic solvents the colour became more 
intense as the temperature of the solutions was increased, and reverted to the original 
on cooling. 

It is highly probable that the yellow colour is due to the formation of the isomeric 
monochlorobis-(o-dimethylaminophenyldiethylphosphine)palladium monochloride (as VI), 
which would almost certainly be yellow, because of the Pd-Cl group. The evidence for 
this isomerisation is twofold. (a) The solubility of the dichloride (IV; X = Cl) in cold 
water is very low, but increases markedly with increase in temperature. The cold 
saturated colourless solution, when treated with aqueous sodium picrate, deposited the 
corresponding dipicrate dihydrate (XII). The warm yellow aqueous solution, and the 
cold yellow methanolic solution, when similarly treated, deposited the monochlorobis-(0- 
dimethylaminophenyldiethylphosphine)palladium monopicrate (VIII; X =Cl). (6) The 
molar conductivity (p. 3955) of the “ dichloride”’ in cold aqueous solution shows the 
presence of three ions, but that in nitrobenzene shows only two ions. In the nitrobenzene 


solution, therefore, the change to the “ chloro-monochloride”’ (as VI) is apparently 
complete. 
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It should be emphasised that the “ chloro-monochloride ’’ has not been isolated in the 
solid state. Recrystallisation of the dichloride dihydrate (IV; X =Cl) from water, 
methanol, ethanol, chloroform, benzene, or toluene always gave the unchanged colourless 
dihydrate. This is surprising, because when a warm aqueous solution is cooled the 
disappearance of the yellow colour is slow: for example, a solution chilled rapidly to 0° 
remained yellow for several minutes, indicating a slow rate of structural change. 
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The possible significance of the two molecules of water, which are present in several salts 
of type (IV), and are retained in organic solvents, is discussed below (p. 3956). 

The bromo-compounds (II, III, and IV; X = Br) showed a strict analogy to the 
chloro-series. The methods of preparation were identical, and all three bromo-compounds 
have physical properties very similar to those of their chloro-counterparts. In particular, 
bis-(o-dimethylaminophenyldiethylphosphine)palladium dibromide (IV; X= Br) also 
crystallised as a colourless dihydrate and could not be obtained anhydrous. The cold 
colourless aqueous solution, which has a molar conductivity indicating the presence of three 
ions, developed on warming a yellow colour, which was also shown in cold organic solvents. 
This colour is similarly attributed to the formation of the “‘ bromo-monobromide ”’ (as VI): 
an ethanolic solution of the salt, treated with sodium picrate, deposited the corresponding 
bromo-monopicrate (VIII; X = Br). 

The iodo-derivatives are of even greater interest (probably owing to the greater co- 
ordinating power of iodine), and exhibit a type of undoubted tautomerism which, in the 
corresponding amine-arsine series,! appeared in the bromo-compounds. Addition of the 
phosphine (I) to an ethanolic suspension of palladous di-iodide caused rapid dissolution, 
with the formation of the crystalline orange-red o-dimethylaminophenyldiethylphosphine- 
di-iodopalladium (V), which has the normal properties of a covalent compound, being 
soluble in benzene and other non-polar solvents and insoluble in water and showing a 
normal molecular weight in boiling chloroform. 

A warm aqueous solution of the dichloride (IV; X = Cl), when added to an excess of 
saturated aqueous potassium iodide, deposited yellow crystals of bis-(o-dimethylamino- 
phenyldiethylphosphine)monoiodopalladium iodide (VI). This compound is stable in 
certain hot polar organic solvents, but in non-polar solvents is converted into the 
isomeric red _ bis-(o-dimethylaminophenyldiethylphosphine)di-iodopalladium (VII). The 
interconversion of two isomers is determined by the solvent employed. For example, the 
yellow isomer (VI) dissolves immediately in hot methanol, ethanol, and acetone to give 
yellow solutions from which it crystallises unchanged: the red isomer (VII) dissolves only 
slowly in these boiling solvents, giving yellow solutions, which again deposit the yellow 
isomer (VI). Conversely, the red isomer (VII) dissolves rapidly in boiling benzene or 
petroleum and separates unchanged on cooling, but the yellow isomer (VI) dissolves slowly 
in these boiling solvents, giving deep red solutions, which again deposit the red isomer (VII). 

The equilibrium between the two forms is affected also by temperature, the formation 
of the red isomer being favoured at higher temperatures: the colour of solutions in the more 
polar solvents deepen from yellow to orange on heating. On rapid cooling of a hot 
saturated ethanolic solution, both isomers crystallise together. This occurs also on slow 
cooling of the deep orange solution in propan-l-ol, in which both forms are present, 
apparently in approximately equal proportion at room temperature. 

The red isomer (VII) is thermally the more stable. It melts at 178—179° without 
decomposition, whereas the yellow isomer (VI) when heated steadily develops a red colour 
and finally melts at 177—178°, conversion into the isomer (VII) being then complete. 
Consequently a mixture of the isomers has the same m. p. It is noteworthy that, of the 
two analogous interconvertible bromo-derivatives of Mann and Stewart’s amine-arsine,! 
the form corresponding to (VII) was also the more stable. 

The nature of the two isomers is not in doubt, for the red isomer shows a normal 
molecular weight in boiling benzene, and the yellow isomer when treated in methanolic 
solution with sodium picrate gives bis-(o-dimethylaminophenyldiethylphosphine)monoiodo- 
palladium picrate (VIII; X =I). The ultraviolet spectra of the two isomers are distinct 
(p. 3958). 

The orange-red di-iodo-compound (V), when treated in benzene solution with the 
phosphine (I), is converted ‘necessarily into the red isomer (VII). The latter, however, 
slowly decomposes when its solution in petroleum is boiled, with loss of phosphine and 
regeneration of the compound (V). 
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Addition of an aqueous solution of the dichloride (IV; X = Cl) to concentrated 
aqueous potassium thiocyanate deposited the very pale yellow crystalline bis-(o-dimethyl- 
aminophenyldiethylphosphine)thiocyanatopalladium thiocyanate (IX), the constitution 
of which was confirmed by treating its cold aqueous or methanolic solution with sodium 
picrate, whereby the corresponding picrate (VIII; X =SCN) was precipitated. No 
indication of isomerisation of the thiocyanate (IX) was detected. Although such isomeris- 
ation would have been difficult to observe, since it would almost certainly be accompanied 
by very slight change in colour, it is significant that the thiocyanate has only a low solubility 
in boiling water and benzene, and that saturated solutions in these solvents can be boiled 
with undissolved thiocyanate for a considerable time without change. Isomerisation, had 
it occurred, would almost certainly have given the ionic dithiocyanate (IV; X — SCN) 
in the aqueous mixture and the covalent dithiocyanato-compound (as VII) in the benzene 
mixture, and the solubility of each of these compounds in the specified solvent would have 
been markedly greater than that of the thiocyanate (IX), a clear solution thus resulting. 

The sulphate (XI), which was readily prepared by double decomposition of the 
dichloride (IV; X = Cl) and silver sulphate in aqueous solution, formed a pale yellow 
crystalline trihydrate, extremely soluble in water. Its aqueous solution, when treated 
with sodium picrate, deposited the bis-(o-dimethylaminophenyldiethylphosphine) palladium 
dipicrate dihydrate (XII). The yellow colour of this sulphate is difficult to explain, but 
it is noteworthy that the corresponding. salt prepared from o-dimethylaminophenyldi- 
methylarsine? also formed a yellow crystalline trihydrate. It is known that many 
hydrated sulphates have one molecule of water directly attached (probably by hydrogen 
bonding) to the sulphate ion. If this applied to the sulphate (XI), the remaining two 
molecules of water may be associated with the cation, and the salt is then of the same type 
as the other dichelated compounds (IV; X = Clor Br) and (XII). The ready conversion 
of the sulphate into the dipicrate dihydrate (XII) provides a further indication of the 
probable nature of these two molecules of water in the sulphate. 

The colourless anhydrous dinitrate (X) was similarly prepared from the dichloride, and 
in aqueous solution furnished the dipicrate dihydrate (XII) identical with that obtained 
from the sulphate. This dinitrate is of particular importance because it demonstrates 
clearly that two molecules of water are not however an essential part of a salt containing 
the dichelated cation and simple acid radicals (cf. p. 3956). 

Although the nitrito-derivatives show many similarities to the above compounds, their 
separate discussion is warranted by the unexpected occurrence of bridged p-nitrito-p’- 
hydroxo-dipalladium derivatives. 

Interaction of the phosphine (I) and aqueous potassium palladonitrite (1 equivalent) 
gave an almost insoluble yellow precipitate, undoubtedly the salt (II; X = NO,), which 
when boiled in aqueous suspension was slowly converted into the yellow crystalline 
dinitrito-(o-dimethylaminophenyldiethylphosphine)palladium (XIII), which showed a 
normal molecular weight in boiling chloroform. This compound (XIII) was also formed 
as one of the chief decomposition products of several of the bis-(amine-phosphine) 
complexes, ¢.g., (XIV), (XV), and (XVIII), described below. 

The dinitrito-compound (XIII), when treated with a further equivalent of the 
phosphine (I), afforded the very pale yellow bis-(o-dimethylaminophenyldiethylphosphine)- 
nitritopalladium nitrite monohydrate (XIV), which was also obtained by the action of 
sodium nitrite on the dichloride (IV; X = Cl) in aqueous solution. The structure of the 
nitrite (XIV) is confirmed by the action of sodium picrate in aqueous solution, the corre- 
sponding monopicrate (XVII) being precipitated. 

The nitrite (XIV) is stable when dry but in solution may undergo various types of 
decomposition. (a) In aqueous solution at room temperature it is slowly converted into 
the isomeric colourless trihydrated bis-(amine-phosphine)palladium dinitrite (XV) and the 


* For specific examples, and a general discussion of this subject, see Sidgwick, ‘‘ The Chemical 
Elements and their Compounds,” Oxford, 1950, Vol. IT, p. 914. 
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bis-(amine-phosphine)dinitritopalladium (XVI), the latter being deposited from solution. 
(b) An aqueous solution, when heated above 70°, rapidly becomes deep red, with formation 
of the bridged salt, bis-(amine-phosphine)-z-nitrito-p’-hydroxo-dipalladium dinitrite (XVIII). 
(c) In boiling benzene solution, the salt (XIV) rapidly gives the dinitrito-compound (XVI) 
and an unidentified yellow crystalline ionic product. 

The formation of the covalent dinitrito-derivative (XVI) from the isomeric nitrito- 
nitrite (XIV) in cold aqueous solution was unexpected, since in all other isomeric changes 
investigated in this series, polar solvents have promoted the formation of the ionic isomers. 
The dinitrito-derivative (XVI) is typically covalent in that it is more soluble in non-polar 
than in polar solvents, but it crystallises unchanged from both types of solvent, and no 
reconversion into the salts (XIV) or (XV) was detected. It is the most stable of these 
three isomers, and its apparently anomalous formation in cold aqueous solution is probably 
determined by this comparative stability. 


@ Ny @ Ny PR NO, Ny yPR 
K,[Pd(NO,),] | Y , Pa(No.), | a l 7 Pd | SS [ _ Pd C,H,O,N, 
P’ pP* \NO,_IH,O p* NO, 
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N. OH P N P -1(NO,) O.N PR 
I Pa Spa? r| (NO.)s I ‘pa r| a: | \pa” | 
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p*7 \No,% \N _]3H,0 RP” \NO, 
(XVIII) (XV) (XVI) 
f | e 
N, OH P N OH, PR 
ly ‘pa Spay |x. | ‘pa Pan | C,H,O,N, 
p7 no, \N p* no,“ NO, 
(XIX) (XX) 


a, Boiling water; b, cold water; c, boiling benzene; d, LiX; e, Na picrate. 


Both the isomeric nitrites (XIV) and (XV), when heated in aqueous solution, gave rise 
to the bridged salt (XVIII) together with an appreciable proportion of the dinitrito- 
compound (XIII). In view of the difficulties associated with the preparation of the salts 
(XIV) and (XV), it was found more convenient to prepare the bridged compound (XVIII) 
by boiling aqueous potassium palladonitrite with slightly more than two equivalents of 
the phosphine (I) dissolved in propan-l-ol. Under these conditions the nitrite (XIV), 
which is initially formed, rapidly decomposes into the bridged salt (XVIII) and the 
dinitrito-compound (XIII): the latter then combines with a further equivalent of the 
phosphine (I) to form the nitrite (XIV), which decomposes as before. The formation of 
the bridged salt (XVIII) thus proceeds steadily at the expense of the dinitrito-compound 
(XIII). 

The p-nitrito-y’-hydroxo-bridged structure has hitherto been unknown in palladium com- 
plexes, and is of rare occurrence in other metallic salts, but Werner and Welte* have recorded 
some deep violet cobalt complexes containing this bridged system. The formation of this 
bridging group in these palladium derivatives (as in the cobalt compounds) causes a marked 
change in colour, the bridged dinitrite (XVIII) separating from aqueous solution as deep 
vermilion crystals, which when powdered appear deep scarlet. The evidence for the 
structure allotted to the salt (XVIII) is fourfold: (a) analytical; (b) that the “ apparent ” 
molecular weight in freezing urethane, a solvent of high ionising power, indicates the 
presence of three ions in the molecule; (c) that the salt is precipitated unchanged from its 


* Werner and Welte, Annalen, 1910, 375, 128. 
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aqueous solution by the addition of aqueous sodium nitrite, thus confirming the presence 
of nitrite ions; (d) that the infrared spectrum of a thoroughly dried sample showed a 
broad band centred at 3400 cm.~! (u 2-94) attributed to the OH group ; (e) the conductivities 
of aqueous and freshly prepared nitrobenzene solutions indicate a uni-bivalent salt (p. 3961). 

The dinitrite (XVIII), in the solid state or in solution, is stable indefinitely in the dark, 
but on exposure to light the crystalline salt darkens; in cold aqueous or methanolic 
solution it steadily decomposes, with the liberation of palladium and formation of the 
dinitrito-compound (XIII) and other unidentified products. 

It is noteworthy that aqueous solutions of the bridged dinitrite (XVIII), when treated 
with saturated aqueous solutions of lithium chloride and bromide, deposited quantitatively 
the scarlet dichloride (XIX; X=Cl) and dibromide (XIX; X = Br) respectively. 
Aqueous solutions of the dibromide, treated in turn with sodium picrate, deposited the 
corresponding red dipicrate [XIX; X = O-C,H,(NO,),]. In the formation of these three 
salts the cation has apparently remained unchanged. When however an aqueous solution 
of the bridged dinitrite (XVIII) was treated directly with sodium picrate, the red mono- 
picrate (XX) was deposited, one of the chelate rings having been disrupted. It is possible 
therefore that the bridged dinitrite (X VIII) in aqueous solution is in equilibrium with a small 
proportion of the isomeric mononitrite (as XX), which furnishes the less soluble mono- 
picrate: if so, the bridged dihalides (XIX; X = Cl or Br) either do not undergo this 
isomerisation in aqueous solution or, if this process does occur, the fully chelated dipicrate 
is here the less soluble. 

There is at present no evidence for the precise disposition of the bridged NO, and OH 
groups relative to the amine and phosphine groups in the salt (XVIII), (XIX), and (XX): 
that indicated in these formulz is merely regarded as the most probable. 

For convenient reference, the molecular conductivities of our dichloride (IV; X = Cl) 
and dibromide (IV; X = Br) in water and in nitrobenzene are given in the Table. For 
comparison, the values for other undoubted uni-univalent and uni-bivalent salts in aqueous 
solutions given by Grinberg ® and by Venanzi® are quoted. All determinations were 
made at 25° unless otherwise stated. 


Dilution Mol. conductivity Dilution Mol. conductivity 
Compound Solvent (V) (mho) Solvent (V) (mho) 
(IV; X = Cl) Water 1000 217 Nitrobenzene 1036 26-0 ¢ 
(IV; X = Br) ” 1000 215 is 990 25-9 ® 
{(NH,),Pd]Cl, * ee 1117 260 
[(NH,),Pt]Cl, § a 1000 260-2 ¢ 
[(NH,),PtCl,}Cl, § me 1000 223-9 
{(NH,),PtCljCl > “ 1000 115-8 
[(NH,),PtCl,]Cl § Po 1000 96-8 


or. Fa oe 


It is clear that the conductivities of the salts (IV; X = Cl and X = Br) in aqueous 
solution approach very closely to the normal range for uni-bivalent salts and are well 
removed from that of uni-univalent salts. In nitrobenzene, however, the conductivities 
of these two salts are typical of those of uni-univalent salts, which are normally in the 
range of 20—30 mhos.? 

There are possible alternative structures for certain of the above compounds which 
must be considered. Harris and Nyholm ® have adduced considerable evidence that 
bivalent palladium, although normally showing a co-ordination number of four, can in 
suitable circumstances show the number five or six. 

m.. Grinberg, “‘ Einfiihrung in die Chemie der Komplexverbindungen ”’, Verlag Technik, Berlin, 1955, 
" “e Venanzi, unpublished results. 
? For other examples of such salts in nitrobenzene, see Kabesh and Nyholm, /., 1951, 38; Harris 


and Nyholm, J., 1956, 4375; 1957, 63; Cochran, Hart, and Mann, /., 1957, 2816. 
® Harris and Nyholm, J., 1956, 4375. 
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For two reasons, the significant structural feature of our colourless bis-(amine- 
phosphine)palladium dichloride dihydrate and the corresponding dibromide (IV; X = Cl 
and Br) is not the failure to remove the two molecules of water. First, this failure may be 
due to general instability in a vacuum or at elevated temperatures, when one equivalent of 
the amine-phosphine (I) is readily lost: secondly, co-ordinated salts are known, for example, 
the monohydrated bis-(2 : 2’-diaminodiethylamine)nickel dichloride and its cupric 
analogue, in which the water, although undoubtedly present as water of crystallisation, 
is difficult to remove even on long heating in a vacuum.® The striking feature of our 
hydrated salts (IV; X = Cl or Br) is however that they can be recrystallised unchanged 
from solvents such as chloroform, benzene, and toluene, conditions under which true water 
of crystallisation might readily be lost. 

It is therefore possible that the colourless dichloride, for example, has 6-co-ordinate 
palladium and the structure (IVA), and that, in hot aqueous solution or in cold methanolic 
solution (both of which are yellow in colour) this dichloride is in equilibrium either with the 
isomer (IVB), in which the palladium has remained 6-co-ordinate and one Pd->NMe, 
bond has been severed by the co-ordinating chlorine atom, or with the compound (IVC) in 
which the palladium has become 5-co-ordinate. 

Similarly, it is possible that the yellow iodo-iodide (VI) has the 5-co-ordinate structure 
(VIA) and the red covalent di-iodo-isomer (VII) has the 6-co-ordinate structure (VIIA), 
each compound having two chelated rings; these structures, like (VI) and (VII), also 
provide a mechanism for the tautomerism which these compounds show in solution. 

With regard to the chloro-compounds, it may be urged that structure (IVA) accounts 
for the lack of colour in the crystalline salt, its conductivity in aqueous solution as a uni- 
bivalent salt, and its conversion in cold aqueous solution into a “‘ dihydrated ” dipicrate. 
Structure (IVB) accounts for the yellow colour of solutions of the salt in hot water and in 
organic solvents, its conductivity in nitrobenzene as a uni-univalent salt, and particularly 
for its retention of the two molecules of water in boiling chloroform, benzene, and toluene 
solutions. It explains the formation of a monochloro-monopicrate, but not the fact that 
this salt is anhydrous, unless it is assumed that the co-ordination number of the palladium 
has fallen from 6 to 4 during the formation of this salt. Structure (IVC) explains the 
colour of the salt and its conversion into the monochloro-monopicrate, but not the retention 
of the water in the above boiling solvents. 


OH, OH, 
Nyy ,P _ eT NAY PR 
(IVA) I ‘Pd r| cl [ ‘Pd Cl (IVB) 
P7 AN “+L eae 
H,0 ’ 
Cl 
[rset y] [vr seat” | [vi srat | 
y ‘pa’ yic Y se Siew eiv “et ly 
p N _P "et Be. p7 | \N _ 
(IVC) (VIA) (VITA) 


Against these 6- and 5-co-ordinate structures for the chloro- and bromo-derivatives, it 
may be urged that, although many of these bischelated palladium salts have two molecules 
of water, the latter are not essential for the formation of such salts. The anhydrous ionic 
dinitrate (X) must have 4-co-ordinate palladium, for nitrate ions very rarely (if ever) 
co-ordinate with metals: for similar reasons, the pallado-chloride and -bromide (II; X = 
Cl and Br) must also have 4-co-ordinate palladium. Furthermore, with regard to the iodo- 
derivatives, the very strong co-ordinating power of iodine would be expected to break the 
very weak Pd<NMe, bond to give compounds (VI) and (VII), rather than solely to 
increase the co-ordination of the palladium to (normally) unstable levels as in (VIA) 
and (VITA). 

* Breckenridge, Canad. J. Res., 1948, 26, B, 11. 
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Decisive differentiation between these alternative structures is difficult. Evidence for 
a free tertiary amine group in compounds of type (VI) and (IX) would be of great value. 
The infrared spectra of these salts are complex, and on this point inconclusive. The fact 
that these salts, when treated in solution with a mixture of sodium picrate and picric acid, 
form only a picrate of the cation, and not in addition a picrate of the tertiary amine, is also 
without significance because the positive pole on the co-ordinated tertiary phosphine group 
considerably deactivates the tertiary amine group. This is shown by the fact that the 
methiodide, formed by quaternisation of the tertiary phosphine group in the amine- 
phosphine (I), when similarly treated gives only the phosphonium picrate, the amine group 
again being unaffected.* 

The most decisive evidence for the structure, and hence the co-ordination number, of 
compounds such as (IV), (VI), and (VII) would be that provided by X-ray crystal analysis. 

In many of the other compounds described above, particularly the covalent com- 
pounds (III; X = Cl and Br), (V), and (XIII), the palladium cannot be other than 4-co- 
ordinate. 


EXPERIMENTAL 
The m. p.s of certain compounds were determined by immersion in a pre-heated medium: 
the temperature of immersion is indicated by (T.I. — °) immediately after the m. p. “Molecular 


weights were determined ebullioscopically, apart from that of the dinitrite (XVIII), which was 
determined cryoscopically. 

Chloro - derivatives.—Bis - (o-dimethylaminophenyldiethylphosphine)palladium palladochloride 
(II; X =Cl). A solution of phosphine (I) (0-21 g.) in ethanol (2-5 c.c.) was added with shaking 
to potassium palladochloride (0-33 g., 1 mol.) in warm water. The precipitated palladochloride, 
when washed well with water and then extracted for 2 hr. with cold ethanol, formed minute 
yellow-brown plates, m. p. 280° (decomp.) (Found: C, 36-95; H, 5-4; N, 3-6. C,,H, N,Cl,P,Pd, 
requires C, 37-2; H, 5-2; N, 3-6%). 

Dichloro-o-dimethylaminophenyldiethylphosphinepalladium (III; X=Cl). The pallado- 
chloride (II; X = Cl) when boiled with a large volume of ethanol for 3 hr. provided a clear 
solution, from which the compound (IIi; X = Cl), yellow needles, m. p. 274—275° (décomp.), 
was obtained on concentration (Found: C, 37-2; H, 5-2%; M, in CHCl, 376. C,H, »NCl,PPd 
requires C, 37-2; H, 5-2%; M, 387). 

Bis-(o-dimethylaminophenyldiethylphosphine)palladium dichloride dihydrate (IV; X = Cl). 
On the addition of the phosphine (I) (0-21 g.) in ethanol (2-5 c.c.) to potassium palladochloride 
(0-16 g., 1 mol.) in warm water (0-5 c.c.), the initial precipitate of palladochloride (II; X = Cl) 
rapidly redissolved, and the solution, when concentrated and cooled, deposited the dichloride 
(IV; X = Cl), colourless plates, m. p. 189—191° (evolving liquid at 181°) (Found: C, 45-6; H, 
7-0; N, 4-8. C,,H,gN,Cl,P,Pd,2H,O requires C, 45-7; H, 7-0; N, 4-4%). 

Attempts to dehydrate the dichloride proved unsuccessful, vigorous methods being unavail- 
able, however, as the compound lost one molecule of phosphine (I) when heated, or in a vacuum 
at room temperature, to form the compound (III; X = Cl). The dichloride (IV; X = Cl) is 
sparingly soluble in cold water, giving a colourless solution which becomes yellow on being 
heated, the colour change reversing on cooling. Concentrated solutions in hot water are deep 
yellow. The colour of solutions in organic solvents is dependent on their polarity: thus 
solutions in cold ethanol are pale yellow, whereas those in benzene and toluene are deep orange- 
yellow. From all these solutions the dichloride dihydrate crystallised unchanged. 

Addition of a cold concentrated solution of the dichloride (IV; X = Cl) in ethanol to an 
excess of methanolic sodium picrate precipitated monochlorobis-(o-dimethylaminophenyldiethyl- 
phosphine)palladium monopicrate (VIII; X = Cli), m. p. 210—211° (decomp.), from methanol 
(Found: C, 45-9; H, 5-2; N, 9-4. C,,H,.O,N,CIP,Pd requires C, 45-7; H, 5-3; N, 9-0%). 
The use of these reagents in dilute aqueous solution gave, however, bis-(o-dimethylaminophenyl- 
diethylphosphine)palladium dipicrate dihydrate (XII), m. p. 174° (decomp.), unchanged on 
admixture with the authentic sample from the sulphate (XI). 

Bromo-derivatives——The palladobromide (II; X = Br). Solutions of the phosphine (I) in 
ethanol and potassium palladobromide (1 mol.) in water were slowly mixed, and the precipitated 
palladobromide, when purified by thorough washing with water and prolonged extraction with 
cold ethanol, was obtained as a russet-brown microcrystalline powder, m. p. 276—277° (decomp.) 
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becoming pale buff at ca. 175° (Found: C, 30-5; H, 4-5; N, 3-4. C,,H,)N,Br,P,Pd, requires 
C, 30-25; H, 4-2; N, 3-2%). 

Dibromo-o-dimethylaminophenyldiethylphosphinepalladium (III; X =Br). This was pre- 
pared from the palladobromide (II; X = Br) precisely as the chloro-analogue, and obtained as 
canary-yellow prisms, m. p. 274° (decomp.), from methanol (Found: C, 30-0; H, 4-05; N, 3-2. 
C,,H, 9NBr,PPd requires C, 30-25; H, 4-2; N, 2-9%). 

Bis-(o-dimethylaminophenyldiethylphosphine)palladium dibromide dihydrate (IV; X = Br). 
Addition of the phosphine (I) in ethanol to potassium palladobromide (0-5 mol.) in hot water, 
followed by an excess of hot water, resulted in a yellow solution which, on cooling, deposited the 
dibromide dihydrate, colourless plates, m. p. 200—201° (decomp.) (evolving liquid at 100—180°) 
(from ethanol) (Found: C, 40-3; H, 6-1; N, 3-9. C,,H, )N,Br,P,Pd,2H,O requires C, 40-0; H, 
6-1; N, 3:9%). 

The dibromide in various solvents has properties closely similar to those of the dichloride 
(IV; X = Cl), the colours of the solutions ranging from deep orange in benzene to colourless in 
cold water. The unchanged dibromide dihydrate crystallised even from non-polar solvents. 
Attempts to dehydrate the compound either failed or caused loss of one phosphine molecule 
to give (III; X = Br). 

The dibromide in ethanol, treated with ethanolic sodium picrate, gave monobromo-(o-di- 
methylaminophenyldiethylphosphine)palladium monopicrate (VIII; X = Br), m. p. 210—213° 
(decomp.), from acetone—-methanol (Found: C, 43-2; H, 5-0; N, 8-7. C3 9H,.O,N,;BrP,Pd 
requires C, 43-4; H, 5-1; N, 8-45%). 

Iodo-derivatives.—o-Dimethylaminophenyldiethylphosphinedi-iodopalladium (V). When the 
ethanolic phosphine (I) was added to a suspension of palladous iodide (1 mol.) in much ethanol, 
a yellow colour developed rapidly in the solution, and after 1 hour’s boiling under reflux all the 
palladous iodide dissolved. The solution, when cooled, deposited the compound (V), red- 
orange plates, m. p. 256—257° (decomp.) (Found: C, 25-5; H, 3-9%; M, in CHCl, 
560. C,,H,,NPPdI, requires C, 25-3; H, 3-9%; M, 569-5). The m. p. was unchanged after 
recrystallisation from ethanol. 

Bis-(o-dimethylaminophenyldiethylphosphine)di-iodopalladium (VII). Slow addition of the 
aqueous dichloride (IV; X = Cl) to an excess of concentrated aqueous potassium iodide solution 
gave inimediately a yellow, microcrystalline precipitate, which, when collected, washed with 
water, and recrystallised from benzene, yielded deep ruby-red granular crystals, m. p. 178— 
179°, which slowly effloresced to an orange powder on exposure to air. Recrystallisation from 
light petroleum (b. p. 80—100°) gave the compound (VII), m. p. 178—179° (Found: C, 36-5; H, 
50%; M in C,H,, 747. C,H, N,I,P,Pd requires C, 37-0; H, 5-1%; M, 778). The ultra- 
violet spectrum in the petroleum solution gave the values: Amar, 410—411, 335—337, 275-5— 
277-5, 221—221-5 (ec 5310, 11,990, 22,200, 33,700); Amin, 383, 315—325, 257—260, 214—216 mp 
(c 2990, 10,900, 20,400, 3200). 

The di-iodo-derivative (VII) in the boiling light petroleum solution, decomposed very slowly, 
depositing the red insoluble crystalline compound (V), m. p. and mixed m. p. 256—257°. 

Dissolution of the red di-iodo-derivative (VII) in polar solvents produced a tautomeric 
change, giving yellow-to-orange solutions, from which bis-(o-dimethylaminophenyldiethylphos- 
phine)iodopalladium iodide (V1) crystallised on cooling or evaporation of solvent (Found: C, 
37-4; H, 5-5. C,,H,y N,I,P,Pd requires C, 37-0; H, 5-1%). This salt forms canary-yellow 
crystals (having a very pale yellow streak), which on being heated deepen in colour and finally 
melt at 177—178° to a red liquid identical in colour with the fused red isomer (VII). Admixture 
of the two isomers causes no depression of melting point. The compound (VI) in MeOH had 
Amax, 362-5—365-3, 285, 214-5—216-5 (c 3780, 21,000, 47,300) and Amin, 334—336, 256 my (e 3150, 
16,100). 

A methanolic solution of the yellow isomer (VI), when added to saturated methanolic 
sodium picrate, deposited bis-(o-dimethylaminophenyldiethylphosphine)iodopalladium mono- 
picrate (VIII; X = 1), yellow platelets, m. p. 184—188° (decomp.) (T.I. 170°) (from methanol) 
(Found: C, 40-5; H, 5-3. C,,H,,0O,N,IP,Pd requires C, 40-8; H, 4-8%). 

A warm benzene or ethanolic solution of the di-iodo-compound (V), when treated with the 
phosphine (I) (1 mol.) and then concentrated and cooled, deposited the crystalline di-iodo- 
derivative (VII), m. p. and mixed m. p. 177—178°. 

Bis - (o- dimethylaminophenyldiethylphosphine)thiocyanatopalladium Thiocyanate (IX).—A 
warm aqueous solution of the chloride (IV; X = Cl), when added to an excess of concentrated 
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aqueous potassium thiocyanate, precipitated a gum, which rapidly solidified, and on crystallis- 
ation from much water afforded the thiocyanate (IX), very pale yellow needles, m. p. 221—222° 
(decomp.) (Found: C, 48-45; H, 6-6. C,,H,)N,S,P,Pd requires C, 48-7; H, 6-2%). The 
colour and m. p. were unchanged on further recrystallisation. The salt is readily soluble in 
warm ethanol and methanol, but only very sparingly soluble in boiling benzene. The addition 
of its warm methanolic solution to an excess of saturated methanolic sodium picrate caused no 
precipitation after 12 hr., but evaporation of the solution to small bulk and dilution with a large 
excess of water precipitated (o-dimethylaminophenyldiethylphosphine)thiocyanatopalladium 
monopicrate (VIII; X = SCN), deep yellow-grey plates, m. p. 169—-170° (decomp.) (from water) 
(Found: C, 46-2; H, 5-4. C,,H,,0,N,SP,Pd requires C, 45-9; N, 5-2%). This salt was also 
prepared in cold aqueous solution, but owing to the great dilution it separated as a suspension, 
which was collected in a centrifuge. 

Bis-(o-dimethylaminophenyldiethylphosphine)pailadium Sulphate Trihydvrate (XI)—Warm 
aqueous solutions of the chloride (IV; X = Cl) (0-252 g.) and silver sulphate (0-125 g., 1 mol.) 
were mixed, shaken vigorously, and filtered. The pale yellow filtrate was evaporated in a 
vacuum-desiccator at room temperature, giving a hygroscopic gum. The gum was redissolved 
in water, and the solution allowed to evaporate under atmospheric conditions for 3 weeks, giving 
large well-formed crystals in a deep yellow gummy matrix. The crystals and matrix were not 
separable, for the crystals dissolved more readily than the gum on being washed with solvents. 
Finally, a methanolic solution of the mixture was cautiously diluted with ether, and then 
deposited the pale yellow sulphate trihydrate (XI), m. p. 127—132° (decomp., slow heating), 
171—173° (decomp., T.I. 122°) (Found: C, 42-5; H, 7-2. C,,HygO,N,SP,Pd,3H,O requires 
C, 42-8; H, 6-8%). 

The corresponding dipicrate (XII), prepared by mixing cold aqueous solutions of the 
sulphate and of sodium picrate, was recrystallised twice from boiling ethanol, the solution on 
each occasion rapidly becoming deep green, but depositing the crystalline dipicrate dihydrate 
(XII), bright yellow plates, m. p. 176° (decomp., liquid evolved ca. 130°, much prior 
shrinking), the green colour remaining in the mother-liquor (Found: C, 42-1; H, 4-7. 
C3g.HyO.4N,P,.Pd,2H,O requires C, 42-5; H, 4:7%). It is possible that the green colour, which 
faded to pale brown after some hours, was due to minute quantities of colloidal palladium. 
Attempts to dehydrate the dipicrate by heating it im vacuo over phosphoric anhydride proved 
unsuccessful, the results indicating loss of the phosphine (I). 

Bis-(o-dimethylaminophenyldiethylphosphine)palladium Dinitrate (X).—Aqueous solutions of 
the chloride (IV; X = Cl) (0-211 g.) and silver nitrate (0-113 g., 2 mols.) were mixed, shaken for 
1-5 hr., and filtered, and the colourless filtrate was evaporated in a vacuum-desiccator at room 
temperature. The residue, a partly crystallised gum, when recrystallised from chloroform— 
ethyl acetate, gave the colourless dinitrate (X), m. p. 208—209° (decomp.) (Found: C, 44-2; H, 
5-8; N, 8-6. C,,H,O,N,P,Pd requires C, 44-4; H, 6-2; N, 8-4%). 

The dipicrate (XII), prepared from the dinitrate as described above, had m. p. 174° 
(decomp.), unchanged on admixture with the dipicrate prepared from the sulphate. Crystallis- 
ation of this picrate from ethanol again resulted in the formation of a deep green colour in the 
solution. 

Nitrito-derivatives (Unbridged).—(o-Dimethylaminophenyldiethylphosphine)dinitritopalladium 
(XIII). Addition of the phosphine (I) in ethanol to potassium palladonitrite (1 mol.) in water 
precipitated a very pale yellow microcrystalline solid, almost certainly bis-(o-dimethylamino- 
phenyldiethylphosphine)palladium palladonitrite (as II; X = NO,). This compound, in a 
suspension in boiling water, was very slowly converted into the dinitrito-compound (XIII). 
The conversion was accompanied by deposition of much palladium, and the yield of the com- 
pound (XIII) was low. 

The compound was better prepared from bis-(o-dimethylaminophenyldiethylphosphine)- 
nitritopalladium mononitrite (XIV) (see below), which in boiling water decomposed into the 
nitrito-derivative (XIII) and the bridged compound (XVIII). On cooling of the aqueous 
solution, the two compounds crystallised and when collected were readily separated by 
extraction with cold methanol, in which (XVIII) is very soluble and (XIII) insoluble. The 
dinitrito-compound (XIII) formed yellow plates, m. p. 218° (decomp.), from methanol (Found: 
C, 35-1; H, 4.9%; M, in CHCl, 435. C,,H,»O,N,PPd requires C, 35-2; H, 4:9%; M, 408). 

Bis-(o-dimethylaminophenyldiethylphosphine)nitritopalladium nitrite (XIV). The phosphine 
(I) was added to a suspension of the compound (XIII) (1 mol.) in ethanol, which when warmed 
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to 50° slowly gave a clear solution. Evaporation to dryness in a desiccator gave a gum, which 
was triturated with dry ether and placed immediately in a vacuum-desiccator. [If the gum is 
exposed to the air, it deliquesces, forming a solution of isomeric dinitrite (XV) (see below).] 
The dry gum was dissolved in acetone, and an excess of dry ether added. Well-formed, very 
pale yellow (almost colourless) crystals of the nitrite monohydrate, m. p. 139-5—140° (decomp. 
to deep red liquid), crystallised during 12 hr. (Found: C, 45-3; H, 6-3; N, 8-6. C,,H,,O,N,P,Pd 
requires C, 45-3; H, 6-5; N, 8-7%). 

This compound was readily deposited when saturated aqueous sodium nitrite was added 
very slowly to a stirred, cold aqueous solution of the dichloride (IV; X = Cl) and, when washed 
with ice-water and dried, had m. p. and mixed m. p. 140° (decomp. as before). It is moderately 
soluble in cold water, and more so in hot water, from which it can be crystallised provided the 
solution temperature is kept below 65°. In aqueous solution above 70° it is rapidly decomposed 
(see below). The cold aqueous solution when set aside slowly deposits a small proportion of the 
isomeric dinitrito-compound (XVI), the main proportion being converted into the isomeric 
dinitrite (XV). The compound (XIV), when boiled with benzene, is converted into (XVI) and 
an unknown yellow compound. 

The mononitrite (XIV), when added to sodium picrate, both in aqueous solution, gave an 
immediate yellow precipitate of the monopicrate (XVII), m. p. 178° (decomp.) after crystallis- 
ation from‘ethanol (Found: C, 45-6; H, 5-6; N, 10-4. C,,H,,0O,N,P,Pd requires C, 45-1; H, 
5-3; N, 10-5%). 

Bis-(o-dimethylaminophenyldiethylphosphine) palladium dinitrite trihydrate (XV). Anaqueous 
solution of the nitrite (XIV) when set aside for two days deposited a small quantity of the com- 
pound (XVI). The filtrate, when evaporated to dryness in a vacuum-desiccator, gave a residual 
gum which when stirred with a small quantity of acetone partly dissolved and partly crystallised. 
More crystals were deposited when ether was added to the solution. The colourless crystals of 
the dinitrite trihydrate (XV) when collected had m. p. 130—132° (decomp. to red liquid, becom- 
ing brown) (Found: C, 43-0; H, 6-8. C,,H,,O,N,P,Pd,3H,O requires C, 43-3; H, 6-6%). The 
crystals were insoluble in cold benzene, but extremely soluble in cold water, the solution 
becoming irreversibly deep red on boiling. Attempts at recrystallisation from various solvents 
resulted in decomposition. 

Bis-(o-dimethylaminophenyldicthylphosphine)dinitritopalladium (XVI). A suspension of the 
nitrite (XIV) in a large volume of benzene was heated under reflux on a water-bath for 4 hr. 
(Heating over a free flame caused decomposition of the solid which had separated on the side of 
the flask.) The solution was filtered hot to remove much brown residue, and then evaporated 
to dryness. Trituration of the resulting gum with ether afforded the crystalline dinitrito- 
compound (XVI), which on recrystallisation from benzene and then from chloroform-ethyl 
acetate was colourless and had m. p. 152-5° (decomp.) (Found: C, 46-4; H, 6-4; N, 9-2. 
C.,H,,O,N,P,Pd requires C, 46-7; H, 6-5; N, 9-2%). It is insoluble in water, readily soluble in 
cold chloroform and hot benzene. 

The brown residue from the hot filtration was dissolved in a small quantity of cold ethanol 
which was filtered to remove a trace of the compound (XIII), m. p. and mixed m. p. 218°. The 
filtrate was evaporated to dryness, and the resulting deep yellow crystals, when recrystallised 
repeatedly from hot water, had a constant m. p. 267—270° (decomp. much previous charring), 
but inconsistent analytical results were obtained with different samples. The presence of 
nitrite ion was demonstrated by adding saturated sodium nitrite solution to a cold aqueous 
solution of the compound, thus depositing the crystalline original compound, m. p. and mixed 
m. p. being identical. A picrate, prepared by admixture of aqueous solutions of the compound 
and of sodium picrate, had m. p. 157° after crystallisation from aqueous ethanol, but also gave 
inconsistent analytical values. 

Nitrito-compounds (Bridged).—Bis-(o-dimethylaminophenyldiethylphosphine)-u-nitrito-u’-hydr- 
oxo-palladium dinitrite(X VIII). Thiscompound can be prepared by boiling an aqueous solution 
of the nitrite (XIV) (see above). More conveniently, a solution of the phosphine (I) in a small 
quantity of propan-l-ol was added to aqueous potassium palladonitrite (1 mol.) which was 
then boiled under reflux in a nitrogen atmosphere and shaded from the light. A red colour 
developed after 5 min., and the reaction was complete after 2 hr. The deep cherry-red solution 
on cooling deposited the bridged compound (XVIII) with a small quantity of the dinitrito- 
compound (XIII). The crystals were collected and extracted with the minimum quantity of 
cold methanol. The undissolved compound (XIII) was then collected, and the filtrate when 
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diluted with ether deposited the dinitrite (XVIII), bright scarlet needles, m. p. 140° (decomp.) 
(Found: C, 36-4; H, 5-5; N, 8-9%; M, cryoscopic in urethane, 257. C,,H,,O,N,P.Pd, requires 
C, 36-6; H, 5-2; N, 8-9%; M, 787). The salt crystallises from water in deep vermilion-red 
crystals, of identical composition and m. p. It is sparingly soluble in cold water but extremely 
soluble in cold methanol and ethanol. The molecular conductivity of an aqueous solution of 
the dinitrite (XVIII) at 20° was 228 mhos (V, 3010) and was constant over 30 min. The 
conductivity of a nitrobenzene solution at 20°, determined 1-5 min. after preparation, was 42-6 
mhos (V, 1930) and fell to zero during 45 min., although the red colour of the solution appeared 
unaltered after 2 hr. It is clear therefore that the nitrite exists as a uni-bivalent salt in 
aqueous solution, and also initially in nitrobenzene solution, in which it apparently undergoes 
conversion into a null-valent product. Harris and Nyholm ® cite a number of uni-bivalent 
salts, the molecular conductivities of which in nitrobenzene are in the range 38—58 mhos. 

The dichloride (XIX; X = Cl) was precipitated when a saturated aqueous lithium chloride 
solution was slowly added to a cold aqueous solution of the dinitrite (XVIII), and when 
collected, washed with ice-water and then with much ether, was obtained as bright scarlet 
plates, m. p. 113—114° (Found: C, 37-5; H, 5-7; N, 5-3. C,,H,,O,N,Cl,P,Pd, requires C, 
37-6; H, 5-3; N, 5-5%). The dibromide (XIX; X = Br), similarly prepared by using lithium 
bromide, and recrystallised from water, formed deep scarlet needles, m. p. 108—109° (Found: 
C, 33-8; H, 4:9; N, 4-7. C,.H,,O;N,;Br,P,Pd, requires C, 33-7; H, 4:8; N, 49%), readily 
soluble in methanol and ethanol, and precipitated unchanged when the cold aqueous solution is 
treated with concentrated hydrobromic acid. Neither the dichloride nor the dibromide in the 
solid state or in solution was affected by light.. 

When warm aqueous solutions of the dibromide and of sodium picrate were slowly mixed, 
the dipicrate (XIX; XK = C,H,O,N;) separated as fine red crystals, m. p. 103° after thorough 
washing with water and drying (Found: C, 37-5; H, 4-5. C,,H,;0,,N,P,Pd, requires C, 37-5; 
H, 3-9%). 

Addition of an aqueous solution of.the dinitrite (XVIII) to saturated aqueous sodium picrate 
deposited the bis(amine-phosphine)-u-nitrito-y'-hydroxo-nitritopalladium monopicrate (XX), red 
needles, m. p. 118—119° (prior shrinking) (from ethanol) (Found: C, 37-3; H, 4-0; N, 10-1, 
10-2. C39H,4,;0,)9N;,P,Pd, requires C, 37-2; H, 4-4; N, 10-1%). 


We are greatly indebted to Dr. L. M. Venanzi for conductivity measurements, and to 
Albright and Wilson, Ltd., for a grant (to H. R. W.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, April 4th, 1957.] 





785. 2-(Polyhydroxyalkyl)benziminazoles Derived from 
2-Deoxy-sugars. 
By A. J. CLEAVER, A. B. Foster, and W. G. OVEREND. 
Of the methods for synthesis of 2-(polyhydroxyalkyl)benziminazoles from 
2-deoxy-sugars the most satisfactory is shown to be direct condensation of 
the sugar with o-phenylenediamine in the presence of cupric acetate. The 
“ benziminazole rule ”’ relating specific rotation to configuration is extended 
to this class of compound. 
CONDENSATION of aldonic acids with o-phenylenediamine affords 2-(polyhydroxyalky]l)- 
benziminazoles [I; R = ~—(CH*OH),*CH,°OH], which are usually suitable for characteriz- 
ation of sugars (for a review see Richtmyer*). We have examined application of this 
method of characterization to 2-deoxy-sugars. Only one benziminazole derived from a 
2-deoxy-sugar (digitoxose) has been described previously.” 

Haskins and Hudson’s procedure * was studied initially. 2-Deoxy-p-galactose was 
oxidized to the lactone (characterized by conversion into crystalline 2-deoxy-N-phenyl-p- 
galactonohydrazide) which was heated at 100° for 7 hr. with a slight excess of o-phenylene- 
diamine. 2-(D-lyxo-2 : 3: 4: 5-Tetrahydroxypentyl)benziminazole (I; R = a) (‘‘ 2-deoxy- 
galactobenziminazole,” see ref. 1) was isolated in low yield. A much improved yield was 


1 Richtmyer, Adv. Carbohydrate Chem., 1951, 6, 175. 
2 Dimler and Link, J. Biol. Chem., 1943, 150, 345. 
* Haskins and Hudson, J]. Amer. Chem. Soc., 1939, 61, 1266. 
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obtained if hydrochloric acid (2 equiv.) was added to the reaction mixture (cf. Haskins and 
Hudson %). Oxidation of this compound by permanganate * afforded benziminazole-2- 
carboxylic acid identical with a sample obtained by the known? oxidation of 2-(L-arabo- 
1 : 4epoxy-2 : 3-dihydroxybutyl)benziminazole. Decarboxylation yielded benziminazole, 
thereby demonstrating the formation of this nucleus in the condensation. 


! ! 
H--H H--H 


HO+H HO-+H H+H H+H 
ana HO-++H H+OH  HO-+H HO +H 
SS , H+-OH H--OH H+OH HOH 

* CH,-OH CH,-OH CH,-OH CH,-OH 
(I) (2) +24-5° — (b) #29-3° (ce) #40°5° — (d) + 36°3° 


Dimler and Link 2 developed a method for the direct oxidative condensation of a sugar 
and o-phenylenediamine. This method was satisfactory with 2-deoxy-p-galactose and 
proved to be the best procedure for the synthesis of compounds of type (I) from 2-deoxy- 
sugars generally. Yields were better than are obtained normally with hexoses. (How- 
ever the method fails with maltose and lactose.) The formation of a (polyhydroxyalkyl)- 
benziminazole from a sugar involves an oxidation and the fact that 2-deoxy-p-galactose is 
oxidized more rapidly than p-galactose 5 may account for the higher yields obtained with 
the 2-deoxy-sugars. We find that lactose, p-galactose, and 2-deoxy-p-galactose reduce 
cupric acetate in dilute acetic acid in the presence of o-phenylenediamine, the deoxy-sugar 
doing so immediately. In the absence of the base the deoxy-sugar did not give a precipitate 
of cuprous oxide after 17 hr. at 51° and then 1 hr. at 100°, but on addition of the diamine 
the precipitate was again formed immediately. It may be that the deoxy-sugar and the 
base react to give a substance which is readily oxidizable, and indeed we have evidence ® 
that o-phenylenediamine and tetra-O-acetyl-2-deoxyaldehydo-D-galactose condense to 
give a dihydrobenziminazole derivative. 

In our experiments Moore and Link’s general method” gave only small yields. An 
attempt to condense barium 2-deoxy-pD-galactonate directly with o-phenylenediamine in 
the presence of concentrated hydrochloric acid at 135° resulted in much decomposition and 
only traces of benziminazole. Condensing 2-deoxy-p-galactonic acid with the diamine in 
the presence of hydrochloric acid at 100° or of hydrochloric and phosphoric acid at 135°, 
gave some of the benziminazole but there was also much decomposition. From 2-deoxy- 
D-galactonolactone the 5 : 6-dimethylbenziminazole was prepared, and 2-deoxy-D-glucono- 
lactone was converted into 2-(p-arabo-2 : 3: 4: 5-tetrahydroxypentyl)benziminazole (I; 
R=b). With the less accessible 2-deoxypentoses direct oxidative condensation afforded 
2-(D-threo- and 2-(L-erythro-2 : 3 : 4-trihydroxybutyl)benziminazole (I; R = c and d) from 
2-deoxy-D-xylose and 2-deoxy-L-ribose respectively. 

Richtmyer and Hudson § observed that when the 2-hydroxyl group of the aldonic acid 
was on the right in the conventional projection formula, the optical rotation of the derived 
benziminazole was positive. This relation (the “ benziminazole rule ’’) holds for a large 
number of compounds and has been used reliably for deciding the configuration of new 
sugars made by Fischer cyanohydrin syntheses.® 

The rule cannot be applied directly to the new compounds described because they lack 
this hydroxyl group. However, of the limited number of compounds examined, whenever 
the 3-hydroxy] group in the 2-deoxyaldonic acid (or 2-deoxy-sugar) is disposed to the left in 
the conventional projection formula, the optical rotation of the derived benziminazole is 


* Bistrzycki and Przeworski, Ber., 1912, 45, 3483. 
5 Overend, Shafizadeh, and Stacey, /., 1951, 2062. 
- © Cleaver, Foster, and Overend, unpublished results. 
? Moore and Link, J. Biol. Chem., 1940, 188, 293. 
® Richtmyer and Hudson, J]. Amer. Chem. Soc., 1942, 64, 1612. 
® Zissis, Richtmyer, and Hudson, ibid., 1950, 72, 3882; Rosenfeld, Richtmyer, and Hudson, ibid., 
1951, 78, 4907; Rosenfeld, Pratt, Richtmyer, and Hudson, ibid., p. 5907. 
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positive, and when disposed to the right the rotation is negative. [The change -CH,-OH 
to —CH, in digitoxose is unlikely to exercise any influence since it is known that 6-deoxy- 
D-glucose (D-glucomethylose) and 6-deoxy-L-mannose (L-mannomethylose) both obey the 
benziminazole rule.] The latter statement is based on the fact that Dimler and Link ? 
reported that the benziminazole derivative obtained from D-digitoxose (2 : 6-dideoxy-p- 
allose) had a negative rotation. 

The new compounds described are being examined for carcinolytic activity [cf. Folkers 
and his colleagues?® who reported that some substituted 2-(polyhydroxyalkyl)- 
benziminazoles inhibit growth of lymphosarcomata in mice]. 


EXPERIMENTAL 


2-Deoxy-D-galactonolactone.—Oxidation of 2-deoxy-p-galactose (5 g.) with bromine (5 ml.) 
in water (50 ml.) at 30° afforded the lactone (3 g., 61%) which recrystallized from acetone 
as colourless prisms, m. p. 97—98°, [«]}® —33-5° (c 1-01 in H,O) (lit.,11 m. p. 97—98°, [a], —33° 
in H,O). The lactone (0-5 g.) was converted into 2-deoxy-N-phenyl-p-galactonohydrazide (0-4 g., 
48%) by phenylhydrazine (0-37 g.) at 100° in l hr. After recrystallization from ethanol leaflets, 
m. p. 144°, [aj —18-2° (c 1-54 in pyridine) (Found: C, 53-6; H, 6-6; N, 10-7. C,,H,,0;N, 
requires C, 53-3; H, 6-7; N, 10-4%), were obtained. 

2-(D-lyxo-2 : 3: 4: 5-Tetrahydroxypentyl)benziminazole.—(a) Condensation of 2-deoxy-p-gal- 
actonolactone with o-phenylenediamine. (i) Treating the lactone (1-0 g.) in water (1-5 ml.) with 
o-phenylenediamine (0-68 g.) according to Haskin and Hudson’s method ® afforded 2-(p-lyxo- 
2:3:4: 5-tetrahydroxypentyl)benziminazole (2-deoxy-D-galactobenziminazole) (0-132 g., 8-9%), 
m. p. 212° (decomp.), [a8 + 24-5° (c 1-06 in N-HCl) (Found: C, 56-9; H, 6-2; N, 11-2. 
C,,H,,0,N, requires C, 57-1; H, 6-4; N, 11-1%). 

(ii) From a solution of 2-deoxy-p-galactonolactone (1-7 g.) and o-phenylenediamine (1-16 g.) 
in concentrated hydrochloric acid (2-4 ml.) and water (4-5 ml.) heated at 100° for 7 hr. deoxy-p- 
galactobenziminazole (1-32 g., 50%), m. p. 212° (decomp.), was isolated. Its hydrochloride 
monohydrate had m. p. 172—173° (Found: N, 8-8; Cl, 11:5. C,,H,,0,N,,HCI,H,O requires N, 
9-1; Cl, 11-6%). 

(b) Oxidative condensation of 2-deoxy-p-galactose and the diamine. o-Phenylenediamine 
(0-60 g., 1-1 mol.) and 2-deoxy-p-galactose (0-82 g., 1 mol.) were added to a solution of cupric 
acetate monohydrate (2-0 g.) in water (40 ml.) and acetic acid (14 ml.) kept at 55° for 16 hr. 
2-Deoxy-pD-galactobenziminazole (0-56 g., 44%), m. p. 212° (decomp.), [«]}? +23-7° (c 1-8 in 
N-HCl), was then isolated by Moore and Link’s method.” 

5 : 6-Dimethyl-2-(D-lyxo-2 : 3: 4: 5-tetrahydroxypentyl)benziminazole.—2-Deoxy-p-galactono- 
lactone (0-65 g.) and 4 : 5-dimethylphenylenediamine (0-557 g.) were heated in water (5 ml.) and 
concentrated hydrochloric acid (0-81 ml.) at 100° for 7 hr. 5: 6-Dimethyl-2-(p-lyxo-2 : 3: 4: 5- 
tetrahydroxypentyl)benziminazole (0-65 g.) was isolated as needles, m. p. 201-5° (decomp.), [«]}? 
$+24-7° (¢ 1-46 in N-HCl) (Found: C, 59-6; H, 6-9; N, 10-3. C,,H,,O,N, requires C, 60-0; H, 
7-2; N, 10-0%). The picrate crystallized from aqueous ethanol as yellow needles, m. p. 182— 
183° (Found: N, 13-6. C,,H,,»0,N,,C,H,O,N, requires N, 13-75%). 

2-Deoxy-p-gluconolactone (0-65 g.) and o-phenylenediamine (0-44 g.) in water (1-5 ml.) and 
concentrated hydrochloric acid (0-81 ml.) at 100° for 7 hr. gave 2-(p-arabo-2 : 3: 4: 5-tetra- 
hydroxypentyl)benziminazole (0-17 g.), needles (from aqueous ethanol), m. p. 216° (decomp.), 
[a}}? + 29-3° (c 1-16 in N-HCl) (Found: C, 57-4; H, 6-3; N, 11-4. C,,H,,0,N, requires C, 57-1; 
H, 6-4; N, 11-1%). 

2-(D-threo-2 : 3 : 4-Trihydroxybutyl)benziminazole-—From a mixture of cupric acetate mono- 
hydrate (3-4 g.) in water (40 ml.) and glacial acetic acid (2-0 ml.) and o-phenylenediamine 
(1-04 g.) to which 2-deoxy-p-xylose (1-15 g.) in water (20 ml.) had been added 2-(p-threo- 
2:3: 4-trihydroxybutyl)benziminazole (0-792 g., 42%) was obtained, having m. p. 199—200° 
(decomp.), [«]# +40-5° (¢ 2-32 in N-HCl) (Found: C, 59-2; H, 6-4; N, 12-5. C,,H,,0,N, 
requires C, 59-4; H, 6-35; N, 12-6%) [hydrochloride, m. p. 180—181° (Found: N, 10-9; Cl, 13-7. 
C,,H,,0O;N,,HCl requires N, 10-8; Cl, 13-7%)]. 

Likewise from 2-deoxy-t-ribose (0-536 g.), 2-(L-erythro-2 : 3 : 4-trihydroxybutyl)benziminazole 

10 Heyl, Emerson, Gasser, Chase, and Folkers, J]. Amer. Chem. Soc., 1956, 78, 4491. 


11 Overend, Shafizadeh, and Stacey, J., 1950, 671. 
12 Moore and Link, J. Org. Chem., 1940, 5, 642. 
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(0-548 g., 62%) was obtained as prisms, m. p. 185—186° (decomp.), [a]? +36-3° (¢ 2-48 in 
n-HCl) (Found: C, 59-1; H, 6-3; N, 11-9%). 

Benziminazole-2-carboxylic Acid.—(a) 2-(L-arabo-1 : 4-Epoxy-2 : 3-dihydroxybutyl)benz- 
iminazole (1-1 g.) (kindly supplied by Dr. J. T. Edward) and anhydrous sodium carbonate (2 g.) 
were dissolved in hot water (100 ml.). To the solution, at 80°, potassium permanganate solution 
(2%) was added dropwise with stirring until a faint permanent pink colour was produced. 
After 30 min. at 100° the solution was filtered and the filtrate was acidified with acetic acid. 
Benziminazole-2-carboxylic acid (0-38 g.), m. p. 169° (decomp.), crystallized. 

(b) 2-(p-lyxo-2 : 3: 4: 5-Tetrahydroxypentyl)benziminazole (1:26 g.) was stirred with 
2% sodium carbonate solution (100 ml.) at 80° and 2% potassium permanganate was added as 
in the previous experiment. Impure benziminazole-2-carboxylic acid (0-36 g.) was isolated and 
purified with some difficulty. This solid (42 mg.) was heated at 180° for 15 min., effervescence 
then ceasing. The melt solidified on cooling and crystallized from water as plates (18 mg.), 
m. p. 172—174° alone or in admixture with benziminazole. 

Reducing Action of Sugars on Cupric Acetate in Dilute Acetic Acid in the Presence and Absence 
of o-Phenylenediamine.—Cupric acetate monohydrate (8 g.) was dissolved in acetic acid (4-6 ml.) 
and water (150 ml.). Each sugar (1 millimol.) was dissolved in the reagent (7-5 ml.) at room 
temperature and o-phenylenediamine (0-12 g.) was added. In parallel experiments the 
o-phenylenediamine was omitted. The concentrations were similar to those employed in the 
preparation of 2-(polyhydroxyalkyl)benziminazoles by oxidative condensation. The solutions 
were kept for 17 hr. at 51° and then for 1 hr. at 100°. Tests were performed in duplicate: 
results are tabulated. 


Diamine Results after Result after a 
Sugar added (g.) 17 hr. at 51° further 1 hr. at 100° 
DAGEIACUOES  ccccscccccccoccesccosessoes — Red ppt. No change 
2-Deoxy-D-galactose ..........sseeeees — No change No change * 
BROOD Sisiicncccdisccctceseshosccsestec — No change Red ppt. 

_ 0-12 Black ppt. No change 
DGOlACtOOR cceccccscccccccvocescscoces 0-12 Red and black ppt. f — 
2-Deoxy-D-galactOse ........-seeseeeee 0-12 om _ 

SUE esccdsincecensstesvsescsserebbess 0-12 pa — 


* When o-phenylenediamine was added to the warm mixture a red precipitate was formed immedi- 
ately. + This mixture contained much gelatinous material. { The 2-deoxy-p-galactose—diamine 
mixture was unique in that it gave a red precipitate immediately on warming. 

The authors are indebted to the Department of Scientific and Industrial Research for a 
Maintenance Grant (to A. J. C.). They also thank Professor M. Stacey, F.R.S., for his interest 
and encouragement. 
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786. Derivatives of 1:3- and 1: 4-Di-a-stilbenylbenzene and 
Other Complex Triarylethylenes. 


By Ne. Pu. Buu-Hoi, T. B. Loc, and Nec. D. Xuone. 


The synthesis is reported of a number of highly conjugated derivatives of 
triphenylethylene derived from 1: 3- and 1: 4-di-«-stilbenylbenzene and 
a-(4-m-terphenylyl)stilbene, which had little or no cestrogenic activity; the 
diphenyl ether of hexcestrol, prepared from p-l-chloropropylpheny! phenyl 
ether with iron powder, was likewise inactive. 


IN investigations concerning the mechanism and site of fixation of cestrogenic molecules 
on cell proteins, derivatives of triphenylethylene having a large molecular encumbrance 
area were required for determination of their cestrogenic activity. Triphenylethylene, 
and especially its «-halogenated derivatives, possess pronounced cestrogenic properties,1 
and it is known that appropriate substitution with bulky radicals such as methoxy- or 


? Robson and Schénberg, Nature, 1937, 140, 196; Robson, Schénberg, and Fahim, Nature, 1938, 
142, 292. 





_; 


Oo —rh4t ee © 





[1957] Di-a-stilbenylbenzene and Other Complex Triarylethylenes. 3965 


ethoxy-groups * can maintain or enhance this activity; similarly, 1-bromo-1-p-diphenylyl- 
1 : 2-diphenylethylene is cestrogenic, despite the considerable size of its molecule. The 
present work reports the preparation of highly conjugated compounds derived from m- 
(I; R =H) and #-di-«-stilbenylbenzene (II; R = R’ = H), whose molecular structure 
comprises two triphenylethylene complexes. 


CPh=CRPh 
PhRC=C C=CRPh 
a 18 n " (i) 
(I) CPh=CRPh p-R’H,C C,H,R~p 


The reaction of 2 mol. of benzylmagnesium chloride with 1 mol. of #-dibenzoylbenzene 
(this diketone was prepared from terephthaloyl dichloride and benzene by a Friedel-Crafts 
reaction, according to Noelting and Kohn *) gave a tertiary diol, which was not isolated 
but was directly dehydrated by formic acid * to p-di-2-stilbenylbenzene, a hydrocarbon 
with the surprisingly low m. p. of 74°; halogenation of this compound with bromine (2 mol.) 
in acetic acid afforded p-di-(8-bromo-«-stilbenyl)benzene (II; R = Br, R’ =H). Friedel- 
Crafts reaction of terephthaloyl dichloride with anisole yielded #-di-f’-anisoylbenzene 
which with benzylmagnesium chloride gave #-di-(4-methoxy-«-stilbenyl)benzene (II; 
R =H, R’ =OMe); this underwent dichlorination to #-di-(8-chloro-4-methoxy-«- 
stilbenyl)benzene (II; R = Cl, R’ = OMe), and dibromination to p-di-(8-bromo-4-meth- 
oxy-a-stilbenyl)benzene (II; R = Br, R’ = OMe). In the meta-series, a similar sequence 
of reaction with m-dibenzoylbenzene (prepared by Friedel-Crafts condensation of #so- 
phthaloyl dichloride with benzene and aluminium chloride *) afforded m-di-(8-bromo-«- 
stilbenyl)benzene (I; R = Br), via m-di-«-stilbenylbenzene. It is worth mention that 
m-dibenzoylbenzene, which Reindel- and Siegel could not reduce by a Clemmensen 
reaction,® was readily converted into m-dibenzylbenzene by the Huang-Minlon 7 modific- 
ation of the Wolff—Kishner reaction. A highly conjugated triarylethylene of another type 
was prepared from 4-p-anisoyl-m-terphenyl,® which was converted by benzylmagnesium 
chloride into 4-methoxy-«-(4-m-terphenylyi)stilbene (III; R =H), and this underwent 
monobromination of 8-bromo-4-methoxy-«-(4-m-terphenylyl)stilbene (III; R = Br). 


C,H,-OMe-p moX CHEt  CHEt ~<)om 
C=CRPh 
(111) 


(IV) 


A derivative of hexcestrol with large para-substituents is meso-3 : 4-di-(p-phenoxy- 
phenyl)hexane (IV), which was readily prepared by bimolecular dehalogenation of f-1l- 
chloropropylphenyl phenyl ether by means of iron powder in water.® 

In biological tests, m- and p-di-«-stilbenylbenzene and their dibromo-derivatives, as well 
as compound (IV), showed no cestrogenic activity at a dose of 0-1 mg. in the Allen—Doisy 
test in castrated rats; at a dose of 1 mg., however, compound (III; R = Br, R’ = H) 
produced incomplete cestrus. 


EXPERIMENTAL 


m-Di-a-stilbenylbenzene (I; R = H).—To a water-cooled solution of benzylmagnesium 
chloride (17-8 g.) in anhydrous ether (100 c.c.), m-dibenzoylbenzene (m. p. 100°; 8 g., in ether) 
was added in small portions, and the mixture then refluxed for 30 min. on the water-bath. 


* Robson, Schénberg, and Tadros, Nature, 1942, 150, 22; Dodds, Goldberg, Griinfeld, Lawson, 
Saffer, and Robinson, Proc. Roy. Soc., 1944, 182, B, 83. 

* Lacassagne, Buu-Hoi, Corre, Lecocq, and Royer, Experientia, 1946, 2, 70. 

4 Noeltirg and Kohn, Ber., 1886, 19, 147; Ador, Ber., 1880, 18, 320. 

5 For general procedure see Buu-Hoi, Bull. Soc. chim. France, 1946, 18, 115. 

* Reindel and Siegel, Ber., 1923, 56, 1554. 

7 Huang-Minlon, 7. Amer. Chem. Soc., 1946, 68, 2487. 

8 Buu-Hoi and Royer, J. Org. Chem., 1951, 16, 320. 

® Buu-Hoi and Hoan, J. Org. Chem., 1949, 14, 1023. 
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After cooling, and decomposition with cold dilute aqueous sulphuric acid, the product was taken 
up in benzene, the benzene solution washed with water and dried (Na,SO,), the solvent removed, 
and the crude tertiary diol dehydrated by 5 minutes’ refluxing with pure formic acid (5 parts). 
After dilution with water, the dehydration product was taken up in benzene, washed with 
water, and dried (Na,SO,), the solvent removed, and the residue distilled im vacuo. m-Di-a- 
stilbenylbenzene, b. p. 257—259°/0-6 mm., crystallised as colourless needles (5 g.), m. p. 57°, 
from methanol (Found: C, 93-8; H, 6-2. C,,H,. requires C, 94-0; H, 6-0%). 

m-Di-(8-bromo-a-stilbenyl)benzene (1; R = Br).—To a water-cooled solution of the fore- 
going diethylene (1 g.) in acetic acid (40 c.c.), bromine (0-7 g.; in acetic acid) was added in small 
portions with stirring, and the mixture obtained was warmed on the water-bath for 15 min. 
The precipitate obtained on dilution with water was taken up in benzene, washed with dilute 
aqueous alkali, then with water, and dried (Na,SO,), and the solvent evaporated. The residue 
crystallised as colourless prisms (0-7 g.), m. p. 84°, from light petroleum (Found: C, 68-6; H, 
3-9. C,,H,,Br, requires C, 68-9; H, 4-1%). 

m-Dibenzylbenzene.—A mixture of m-dibenzoylbenzene (4 g.), 95% hydrazine hydrate 
(10 g.), and diethylene glycol (50 c.c.) was heated at 120° for 10 min. to allow formation of the 
dihydrazone, then cooled, and potassium hydroxide (10 g.) was added; the mixture was then 
refluxed for 30 min. with removal of water. After cooling, water was added, the reduction 
product taken up in benzene, washed with dilute hydrochloric acid, then with water, and dried, 
the solvent removed, and the residue distilled in vacuo. m-Dibenzylbenzene was a colourless oil, 
b. p. 223—224°/13 mm., mi®* 1-6038; a sample prepared by Friedel-Crafts reactions ™ boiled 
at 230°/14 mm. 

p-Di-a-stilbenylbenzene (II; R = R’ = H).—To a solution of benzylmagnesium chloride 
(29 g., 4 mol.) in anhydrous ether (150 c.c.), p-dibenzoylbenzene, m. p. 160° (14 g., 1 mol.) in 
suspension in ether (100 c.c.) was added in small portions, and the mixture then refluxed for 
30 min. on the water-bath. The product was worked up as for the m-isomer. Distillation 
in vacuo gave the diethylene, b. p. 280—281°/0-9 mm., needles (7 g.), m. p. 74° (from ethanol) 
(Found: C, 93-7; H, 6-2%). 

p-Di-(8-bromo-a-stilbenyl)benzene (II; R = Br, R’ = H).—To a solution of the foregoing 
diethylene (4-3 g.) in acetic acid (50 c.c.), bromine (3-2 g.) in acetic acid was added in small 
portions, and the mixture worked up in the usual way; the dibromo-compound crystallised as 
prisms (4-9 g.), m. p. 206°, from acetic acid (Found: C, 68-9; H, 4-4%). 

p-Di-p’-anisoylbenzene.—To a solution of terephthaloyl dichloride (20 g.) and anisole (22 g.) 
in anhydrous carbon disulphide (150 c.c.), finely powdered aluminium chloride (26 g.) was added 
portionwise with stirring, and the mixture left for 24 hr. at room temperature. After 
decomposition with water, the solid precipitate was filtered off and recrystallised from o-di- 
chlorobenzene, giving prisms (10 g.), m. p. 239° (Found: C, 76-3; H, 5-3. C,,.H,,O, requires C, 
76-3; H, 5-2%). 

p-Di-(4-methoxy-a-stilbenyl)benzene (II; R =H, R’ = OMe).—The foregoing ketone 
(9 g.), treated in the usual way with benzylmagnesium chloride (15 g.) in ether (150 c.c.), 
afforded a diethylene, b. p. 312°/0-2 mm., prisms (5 g.), m. p. 129° (from methanol) (Found: C, 
87-2; H, 6-3. C,,H;,O, requires C, 87-5; H, 6-1%). 

p-Di-(8-bromo-4-methoxy-a-stilbenyl)benzene (II; R = Br, R’ = OMe).—Prepared from the 
foregoing diethylene (5 g.) and bromine (3 g.) in acetic acid, this dibromo-compound crystallised 
as prisms (5 g.), m. p. 224°, from acetic acid (Found: C, 66-1; H, 4:3. C,,H,,O,Br, requires C, 
66-3; H, 43%). p-Di-(8-chloro-4-methoxy-a-stilbenyl)benzene (II; R=Cl, R’ = OMe), 
similarly prepared with chlorine (1-5 g.) in chloroform, formed needles (4 g.), m. p. 178°, from 
acetic acid (Found: C, 76-9; H, 5-2. C,,H,,0,Cl, requires C, 76-7; H, 5-0. 

4-Methoxy-a-(4-m-terphenylyl) stilbene (III; R = H).—A solution of benzylmagnesium chloride 
(7 g.) in anhydrous ether (80 c.c.) was treated with 4-p’-anisoyl-m-terphenyl (7 g., prepared 
according to Buu-Hoi and Royer §) in the usual way; the ethylene (5 g.), b. p. 237—-289°/0-6 mm., 
crystallised as needles, m. p. 77°, from ethanol (Found: C, 90-3; H, 6-1. C,,;H,,O requires C, 
90-4; H, 59%). 8-Bromo-4-methoxy-a-(4-m-terphenylyl)stilbene (III; R = Br), prepared from 
the foregoing ethylene (1-8 g.) with bromine (0-8 g.) in acetic acid, formed colourless needles 
(1-6 g.), m. p. 119°, from ethanol (Found: C, 76-5; H, 5-0. C,,H,,OBr requires C, 76-6; 
H, 48%). 





10 Rabzewitsch and Subkowski, Chem. Zenir., 1915, I, 836; Zonew, ibid., 1923, I, 1497. 
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meso-3 : 4-Di-(p-phenoxyphenyl)hexane (I1V).—An ice-cooled solution of phenyl p-propenyl- 
phenyl ether (5 g.) in ligroin was saturated with hydrogen chloride, and the solution of crude 
p-1-chloropropylpheny] pheny] ether thus obtained was added portionwise to a suspension of iron 
powder (10 g.) in water at 98°. The mixture was then refluxed for 15 min., and, after cooling, 
more ligroin was added. The organic layer was collected, washed with dilute aqueous sodium 
hydroxide, then with water, dried (Na,SO,), and evaporated. The oily residue gave, on 
prolonged standing in the refrigerator, a small quantity of a solid, which was recrystallised from 
ethanol, yielding the product (IV) as prisms (0-5 g.), m. p. 142° (Found: C, 84-9; H, 7-2. 
Cg9 Hs9O0, requires C, 85-3; H, 7-3%). 


THE Rapium INSTITUTE, THE UNIVERSITY OF Paris. [Received, April 24th, 1957.) 





787. The Occurrence of Nicotine, Anabasine, and isoPelletierine 
in Duboisia myoporoides. 


By P. I. MortTIMER and S. WILKINSON. 


Nicotine, anabasine, and isopelletierine have been isolated from Duboisia 
myoporotdes. 


Two species of the genus Duboisia (family Solanaceae), namely, D. myoporoides R.Br. and 
D. Leichhardtii F. Muell, are known to contain tropane alkaloids, principally hyoscine and 
hyoscyamine, and D. Hopwoodii (F. Muell) F. Muell contains nicotine and nornicotine.* 
Recently, alkaloids of both groups have been found in individual plants of D. myoporoides 
of New Caledonian origin.” 

In 1954, D. myoporoides, growing on the Acacia Plateau, near Killarney, South 
Queensland, Australia, was for the first time used as a commercial source of leaf for export. 
In late 1954 the exporters informed one of us (P. I. M.) that the leaf was reported to contain 
nicotine and investigation was begun in Canberra. In the meantime a consignment which 
had been sent to England was examined at the Wellcome Research Laboratories, 
Beckenham, in 1955 and although it was found to contain a high percentage of total 
alkaloids, it had comparatively little hyoscine, and hyoscyamine could not be detected. 
The work carried out independently at Canberra and Beckenham indicated that the leaf 
contained the alkaloids hyoscine, (—)-nicotine, anabasine, and (-+)-isopelletierine. The 
occurrence of isopelletierine is remarkable since its only other natural source is the 
pomegranate, Punica granatum L. 

Two independent procedures were adopted for isolation of the alkaloids and are 
described in the Experimental section. 

The samples examined at Canberra and Beckenham were not identical and showed 
considerable variation in their alkaloid contents, viz.: 


Nicotine (%) Anabasine (%) isoPelletierine (%) Hyoscine (%) 
Beckenham .......0...000 0-3 1-4 0-25 0-08 
UNE écciencsssecsnssse 0-06 0-39 0-09 0-09 


Because of its unusual occurrence the identification of the (--)-isopelletierine was 
pursued to considerable length and confirmed by comparison of a number of its derivatives 
with those of a synthetic sample of (-)-2-piperidylacetone kindly provided by 
Professor J. P. Wibaut. 

EXPERIMENTAL 3 

Extractions.—Method 1. Ground leaf (3 kg.; 60 mesh) was intimately mixed with sodium 
hydrogen carbonate (450 g.) and water (1-8 1.) and percolated with trichloroethylene. The 
percolate (20 1.) was extracted with 2% sulphuric acid (21., 11. 11.). The acid extracts were 
washed with ether (1 1.), then strongly basified with 20% aqueous sodium hydroxide, saturated 


1 Henry, “‘ The Plant Alkaloids,” 4th Edn., Churchill, London, 1949. 
? Hills, Bottomley, and Mortimer, Nature, 1953, 171, 435. 
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with sodium chloride, and extracted with ether (3 x 1-51.)._ The ethereal solution was dried 
(Na,SO,) and concentrated under slightly reduced pressure to give the total base (bases 1) 
(65 g., 2-16%). 

Method 2. Ground leaf (48-2 kg.) was extracted with ethanol containing 1% v/v of sulphuric 
acid until little further material was extracted. The alcohol was removed under reduced 
pressure and the residue taken up in water and filtered. The filtrate (7 1.) was washed with 
chloroform (1 1.), made strongly alkaline with sodium hydroxide, and then extracted with 
chloroform (1 1. 0-5 1, 0-5 1). The bases were recovered from the chloroform extracts by 
5n-sulphuric acid (900 ml.) (bases 2). 

Bases 1 and 2 were found by paper chromatography, on Whatman No. | paper with butan-1- 
ol-concentrated hydrochloric acid (9: 1) saturated with water * to contain nicotine, anabasine, 
hyoscine, and an unidentified base (Rp 0-5). 

Fractionation of Bases.—Bases 1 were distilled through a 20 cm. Fenske column to give: 
(A) b. p. 65—70°/3 mm., base Ry 0-5 + a little nicotine; (B) b. p. 70—90°/3 mm., trace of base 
Ry 0-5 + nicotine + a little anabasine; (C) b. p. 90—105°/3 mm., anabasine +- a little nicotine; 
and (D) residue, containing hyoscine. 

Fractions (A) and (B) were combined and redistilled in nitrogen to give: (AA) b. p. 45— 
50°/0-15 mm., n?? 1-4771 (7-5 g.), base Rp 0-5, and (AB) b. p. 56—72°/0-15 mm., n? 1-5162 
(8-0 g.), nicotine + trace of anabasine. 

Fraction C, redistilled, gave a small forerun and a main fraction, b. p. 94—98°/1-5 mm. 
(47-6 g.), [«]% —5-87° (c 6 in EtOH), [a]3jg, +1-55° (c 7-5 in N-HCl), consisting of anabasine and 
a trace of nicotine. Fraction (4A) was converted into the picrate and recrystallised from 
ethanol and aqueous ethanol, to give yellow prisms, m. p. 149—150°, identified as (-+)-iso- 
pelletierine picrate by mixed m. p. with a specimen, m. p. 149°. (—)-Nicotine, [«]#3,, —198-4° 
(no solvent), was isolated from fraction AB by steam-distillation and identified by conversion 
into the dihydrochloride. 

The oil (47-6 g.) from redistillation of fraction C was dissolved in light petroleum (100 m1.; 
b. p. 60—80°) and cooled to —20°, colourless crystals separating which were filtered off on a 
Buchner funnel fitted with a freezing jacket and washed with cold light petroleum. The 
crystals were redistilled (b. p. 96°/12 mm.), to give (+)-anabasine (25 g.), m? 1-5440, [a]? 
—0-44° (no solvent), [a]?/,, —0-22° (¢ 18 in H,O), m. p. (from f. p. curve) 9-5°. The light 
petroleum filtrate was concentrated and re-cooled, to give a further crop of anabasine (10 g.), 
[a]20,, —2-08° (c 1-0in H,O). The filtrate and washings were concentrated in vacuo, giving an 
oil (10 g.), []2%,, —32-44° (c 3in H,O). Steam-distillation gave, in the distillate, (—)-nicotine 
(1 g.) and, in the residue, anabasine (8 g.), [«]?¢,, —13-53° (c 2-5 in H,O). 

Hyoscine was isolated in 0-082% yield from a further batch of bases 1 by distribution 
between chloroform and 0-1M-citric acid-sodium phosphate buffer (pH 5-0) in a countercurrent 
separator after 50 transfers (K 0-5). It was identified by mixed m. p. of its picrate (m. p. 187°) 
with that of authentic hyoscine picrate. 

Fractionation of bases 2. Preliminary partition chromatographic analysis* showed the 
presence of four bases. The individual bases were separated by distribution between phosphate 
buffers and organic solvents according to the scheme on p. 3969. A distribution system of five 
vessels was used in the diamond-shaped arrangement of Bush and Densen.5 

“ Distribution ’’ refers to separation using potassium phosphate buffers (d 1-15) and an 
organic phase (see below) to give organic-phase material (left) and buffer-phase material (right) : 


(a) buffer pH 6-0; CHCl, (ad) buffer pH 7-8; light petroleum-ether (1: 1) 
(b) » 7-9; light petroleum-ether (3 : 1) (e) nd 6-6; CHCl, 
(c) ” 7-0; CHCl, 


The portion from distribution (c) containing base 4 was dissolved in a 40% excess of con- 
centrated hydrochloric acid and continuously extracted for 80 hr. with chloroform. The 
extracted material crystallised on concentration and cooling (89-7 g. in three crops) and 
recrystallised from acetone containing a little ethanol, to give (+)-isopelletierine hydrochloride, 
m. p. 142—143°. The nicotine and base 3 (anabasine) fractions when analysed by partition 
chromatography were each found to contain less than 1% of other bases. 


3 Munier and Machebceuf, Bull. Soc. Chim. biol., 1951, 38, 846. 
* Bottomley and Mortimer, Austral. J. Appl. Sci., 1954, 5, 255. 
5 Bush and Densen, Analyt. Chem., 1948, 20, 121. 
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The anabasine fractions were distilled separately, to give the amounts shown in the diagram, 
finally combined and distilled (b. p. 121°/3-5 mm.) to give anabasine, [«]}* —9-06° (no solvent), 
ni 1-5435, Amax, in 95% EtOH containing HCl * 2600 A (e 5010), Amin, 2330 A (e 860). 


Bases 2 (from 48-2 kg. of leaf) 
Distribn. (a) 





| 























Cryst. of err 
[peeropenneites Distribn. (c) 
~ ead 
: Hyoscine HBr Extraction of 
Distriba. (0) | 43-5 g. hydrochlorides 
a with CHCl, 
Nicotine Hyoscine HBr 
10-7 g. Residue, Extract 
Distribn. (d) Base 3 Base 4, HCl 
60 g. 89-7 g. 
(anabasine) (tsopelletierine 
HCl) 
| 
; ' Base 3 
Distribn. (e) | 89-8 g. 
(anabasine) 
i 
Nicotine Base 3 
18-7 g. 
(anabasine) 


The nicotine fractions were combined and distilled as a colourless oil (27-2 g.), b. p. 
109°/7-8 mm., [a]?? —163-2° (no solvent). 

Hyoscine hydrobromide fractions were recrystallised from 70% ethanol to give colourless 
crystals, m. p. 193°, undepressed on admixture with authentic hyoscine hydrobromide, and 
having [«]?° —21-4° (c 5-0 in H,O, for anhydrous salt). The picrate recrystallised from ethanol 
had m. p. 187°, not depressed on admixture with authentic hyoscine picrate. 

The following derivatives were prepared during the course of the identification of nicotine, 
anabasine, and isopelletierine. 

(—)-Nicotine: [a]? + 15-69° (10199 g. in 12-5 ml. of 1-0076N-HC1 diluted to 25 ml. with 
water). 

Dihydrochloride, m. p. 160—162° (from acetone-ethanol), [a]? +10-94° (¢ 1-1 in H,O) 
(Found: C, 50-7; H, 6-9; Cl, 30-3. Calc. for C,gH,,N,Cl,: C, 51-0; H, 6-85; Cl, 30-2%). 

The rotation of the (—)-nicotine dihydrochloride was at variance with the figure [«]) 
++ 102-2° quoted for (—)-nicotine monohydrochloride.”»* A number of rotation measurements 
were therefore carried out on an authentic sample of (—)-nicotine, viz.: 


Nicotine (g.) Solvent [a]? 
1-3284 FP ee GEE. DEGR.  sccruchcntacssonereibientonianncieripeneseiibibeltacionied +15-92° 
1-4192 EEE: | SxU anc cnciadaddadceudibamiedsceqnenssnnedeouseotboninnenten +16-75° 
1-3453 8-14 ml. 1-0076n-HCl to 25 ml. with water .........cccccccsscscccccccees +13-74° 
1-9936 16-49 ml. 1-0076N-HC]1 to 25 ml. with water ............ccccccccccscccsees +16-54° 
1-1161 6-84 ml. 1-0076N-HCI to 10 ml. with water ..............ccccccscseeccees +19-36° 


Dipicrate, m. p. 218—220° (prisms from ethanol) (Found: C, 43-0; H, 3-1; N, 17-7; picric 
acid spectrophotometrically, 74-1. Calc. for C,gH,,N,,2C,H,O;N,: C, 42-6; H, 3-25; N, 18-1; 
picric acid, 73-8%). 

(+)-isoPelletierine: The base was an oil, . p. 75°/3 mm., which became brown within an hour. 


® Swain, Eisner, Woodward, and Brice, J]. Amer. Chem. Soc., 1949, 71, 1341. 


? Ref. 1, p. 36. 
§ Manske and Holmes, “‘ The Alkaloids,’’ New York, 1949, Vol. 1, p. 235. 
6N 
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Hydrochloride, m. p. 144—145° (needles from acetone), [a]?§,, 0-00° (c 4-64 in H,O) (Found: 
C, 54-4; H, 9-0; N, 8-1; Cl, 20:3; O, 9-4. Calc. for CsH,,ONCI: C, 54-05; H, 9-05; N, 7-9; 
Cl, 20-0; O, 9-05%). 

Hydrobromide, prepared by addition of hydrobromic acid to freshly distilled base, dehydr- 
ation over P,O,, and recrystallisation from acetone, m. p. 138°. 

Picrate, m. p. 149—150° (prisms from ethanol) (Found: C, 45-2; H, 4:8; N, 15-2; picric 
acid, 61-7. Calc. for CsH,,ON,C,H,O,N,: C, 45-4; H, 4:9; N, 15-1; picric acid, 61-9%). 

Picrolonate, m. p. 178—179° (needles from aqueous alcohol). 

2: 4-Dinitrophenylhydrazone hydrochloride, m. p. 242° (prisms from ethanol) (Found: C, 
46-7; H, 5-7; N, 19-7; Cl, 10-1. C,,H,,O,N,Cl requires C, 47-0; H, 5-6; N, 19-6; Cl, 9-9%), 
Amax. in EtOH, (synthetic) 2270 (c 14,500), 2530 (21,000), (natural) 2270 (ce 14,800), 2530 (e 
21,000). 

Thiosemicarbazone hydrochloride, m. p. 212° (needles from ethanol) (Found: C, 43-3; H, 7-7; 
N, 22-6; S, 13-0. C,H, ,N,SCl requires C, 43-1; H, 7-6; N, 22-4; S, 12-8%). 

Semicarbazone hydrochloride, m. p. 169—171° (decomp.) (needles from aqueous alcohol) 
[anhydrous, m. p. 184° (decomp.)] (Found: C, 42-9; H, 8-3; N, 22-1; Cl, 14-1; O, 12-1; loss 
at 120°; 7-1. C,H,,ON,Cl,H,O requires C, 42-8; H, 8-3; N, 22-2; Cl; 14-1; O, 12-7; H,O, 
8-5%). 

Oxime, prepared in acetate-buffered solution,® b. p. 134°/2-5 mm., 146°/5-6 mm., two forms, 
m. p. 105-5° and 90° (from ether) (Found: C, 61-9; H, 10-3; N, 18-4. Calc. for Cs,H,,ON,: C, 
61-5; H, 10-3; N, 17-9%) [the oxime, m. p. 105-5°, gave a picrate, m. p. 176° (from ethanol)]. 

N-Acetyl derivative, b. p. 138°/4-2 mm. 

N-Benzoyl derivative, b. p. 165°/0-5 mm., m. p. 74° (from ether) (Found: C, 73-9; H, 7-9; N, 
5-8. C,;H,,0O,N requires C, 73-4; H, 7-3; N, 5-7%). 

Anabasine: Monopicrate, m. p. 163° (addition of aqueous picric acid to the base in water) 
(Found: C, 49-1; H, 4-1; N, 17-7; picric acid, 58-8. C,9H,,N,,C,H,O,N, requires C, 49-1; H, 
4-35; N, 17-9; picric acid, 58-6%). 

Dipicrate, m. p. 213° (addition of excess of picric acid to base in ethanol, or hot aqueous 
picric acid to solution of base in water adjusted to pH 3-0 with N-HC]l) (Found: C, 42-5; H, 3-3; 
N, 17-6; picric acid, 73-8. Calc. for C,,H,,N,,2C,H,;O,N,;: C, 42-6; H, 3-25; N, 18-1; picric 
acid, 73-8%). 

Dipicrolonate, m. p. 257—-259° (needles from aqueous alcohol) (Found: C, 52-25; H, 4-5; 
N, 20:05; O, 23°3. Calc. for C,,H,,N,,2C,,H,O;N,: C, 52-2; H, 4:3; N, 20°3; O, 23-2%). 

N-Nitroso-derivative, b. p. 145—146°/1 mm., [«]??,, 0-00° (no solvent) (Found: C, 62-8; 
H, 6-8; N, 21-9. Calc. for C,,H,,ON,: C, 62:8; H, 6-3; N, 22-0%). 

N-Benzoy] derivative, prepared by the method of Orechoff and Norkina,'® b. p. 180°/0-2 mm., 
m. p. 82—83° (from light petroleum-ether), [«]# 0-00 (c 5 in EtOH) (Found: C, 76-8; H, 6-9; 
N, 10-8. Calc. for C,,H,,ON,: C, 76-7; H, 6-8; N, 10-5%). 

2: 3-Dipyridyl monopicrate: dehydrogenation of anabasine with zinc 1! gave 2: 3-di- 
pyridyl (19%), b. p. 137°/4-0 mm., identified as the monopicrate, m. p. 151° (Found: C, 50-0; 
H, 2-95; N, 17-7. Calc for C,)H,N,,CgH,O,N,: C, 49-9; H, 2-9; N, 18-2%), and the dipicrate, 
m. p. 167°. 


Thanks are expressed to F. H. Carter & Sons, Gympie, for the gift of the leaf used by one of 
us (P. I. M.), to Professor J. P. Wibaut for the sample of synthetic isopelletierine, and to Dr. C. 
Pyriki, Institut fiir Tabakforschung, Dresden, for a sample of (-+)-anabasine picrolonate. 
Analyses were carried out by Dr. K. W. Zimmerman, C.S.I.R.O., Organic Microchemical 
Laboratory, Melbourne, and Mr. P. R. W. Baker, The Wellcome Research Laboratories, 
Beckenham. 
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® Hiickel and Sachs, Annalen, 1932, 498, 166. 
10 Orechoff and Norkina, Ber., 1932, 65, 1126. 
11 Orechoff and Menschikoff, Ber., 1931, 64, 273. 
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788. The Nature of the Low-temperature Transition in Hydrogen 
Peroxide prepared by Discharge-tube Methods. 


By M. A. P. Hoce and J. E. SPIcE. 


When a mixture of atomic hydrogen and molecular oxygen, or water- 
vapour dissociated in an electric discharge, strikes a liquid-nitrogen-cooled 
surface, a glassy deposit is formed. This, on warming, froths violently at 
about —110° c; oxygen is evolved and a white opaque solid formed which 
on further warming melts to give a concentrated aqueous solution of hydrogen 
peroxide. Observations made on the stoicheiometry of these reactions, on 
the heat evolved at — 110°, and on glass formation with concentrated aqueous 
sclutions of hydrogen peroxide, show that the glassy deposit is probably a 
mixed glass of water and hydrogen peroxide containing occluded oxygen. 
This devitrifies at —110°, releasing the oxygen. 


Durinc the last twenty-five years many workers ! have observed the formation of hydrogen 
peroxide when water vapour is dissociated in an electric discharge and the products are 
allowed to impinge on a cold surface, and when a mixture of molecular oxygen with atomic 
hydrogen from a discharge similarly encounters a cold surface. There is general agree- 
ment on the following facts. No hydrogen peroxide is formed at surfaces hotter than 
about —100°c, below which the yield of hydrogen peroxide increases as the temperature 
decreases. In the case of water, the gases from the discharge tube show the spectrum of 
hydroxyl radicals but not that of hydrogen peroxide. When the condensing surface is 
colder than —150° the product is a colourless glass. On being warmed it froths violently 
at about —110° evolving oxygen, and leaves a white opaque solid which later melts to 
a concentrated aqueous solution of hydrogen peroxide. Winkler and his co-workers ? 
obtained a glassy deposit with the same properties when hydrogen peroxide vapour was 
similarly dissociated in an electric discharge and brought against a cold surface. Thus, it 
seems that the same glassy deposit can be obtained, under the correct conditions, from 
dissociated water-vapour, dissociated hydrogen peroxide vapour, or a mixture of atomic 
hydrogen and molecular oxygen. 

Our object was the elucidation of the nature of the glassy deposit and of its change 
at —110°. Three types of measurement have been made: (i) determinations of the 
stoicheiometry of the reaction, (ii) measurement of the heat effect accompanying the 
process at —110°, and (iii) experiments on supercooling and glass formation with concen- 
trated aqueous solutions of hydrogen peroxide. 


EXPERIMENTAL 


The apparatus was of conventional design. The discharge tube was of 3 cm. tubing, with 
a total distance of 1 m. between the water-cooled aluminium electrodes. In order to minimise 
recombination of radicals, which is known to be greatest near the electrodes, these were each 
25 cm. distant from the gas-stream; for the atomic hydrogen experiments, it was also necessary 
to coat the walls of the discharge tube with phosphoric acid. A transformer giving 1500 v at 
200 ma was fed from the mains through a “‘ Variac”’ transformer, and conditions in the discharge 
were controlled by adjustment both of the flow-rate of gas and of the voltage. The collecting 
trap, cooled with liquid nitrogen, was placed as close as possible to the discharge tube. For 
the water-vapour experiments, water vapour at a pressure of about 1 mm. was passed through 
the discharge at rates of up to 1 g./hr., and for the atomic hydrogen experiments hydrogen from 
a cylinder was passed through at about 0-2 mm. pressure at about 1 1./hr. Oxygen from a 
cylinder was admitted, so as to mix with the atomic hydrogen just as the gas stream impinged 
on the cold surface, at a rate such that the proportions H,:O, were 4:1. Maximum yields 
of 60% (about 0-5 g. of H,O,/hr.) were obtained in the water experiments, and of 75% (about 

1 For full references see Schumb, Satterfield, and Wentworth, ‘‘ Hydrogen Peroxide,’ Reinhold, 
New York, 1955. 

? Batzold, Luner, and Winkler, Canad. J. Chem., 1953, 31, 262. 
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0-2 g. of H,O,/hr.) in the atomic hydrogen experiments. These yields relate respectively to the 
water and oxygen used. 

For both reactions the products and reactants were analysed. The water used and total 
liquid product formed were weighed by weighing the relevant traps, and the amounts of 
hydrogen and oxygen used were gauged by observations of the pressure in the globes con- 
taining them. Gases uncondensed in the collecting trap could be collected for analysis by 
backing the diffusion pump with an initially evacuated 20 1. globe, of accurately determined 
volume. Uncondensed gas could only be thus collected for short periods, however, since the 
pressure soon became too high for the satisfactory operation of the discharge. Gas evolved 
during the warming of the condensed product was collected in the graduated volume A (Fig. 1). 
The percentage of oxygen was then found by bringing the gas into contact with white phos- 
phorus in the vessel B. The oxygen content of the gas from the 20 1. globe was determined by 
transferring asample to A. Hydrogen peroxide was estimated by titration with permanganate. 
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In the first experiments on the heat evolution from the glassy product, a U-tube trap was 
used, each arm of which contained a cylinder of copper foil to which was soldered one junction 
of a copper—constantan thermocouple. The product condensed on the first cylinder, and when 
the U-tube was allowed to warm slowly the plot of the thermocouple potential against time 
furnished a differential warming curve in which a peak corresponded to evolution of heat by 
the glassy deposit. In later experiments the deposit was obtained on a light copper disc 
suspended within a cylindrical trap (Fig. 2). In most of the work, however, a cylindrical trap 
was used (Fig. 3) which had been shrunk on a brass cup } mm. thick and weighing about 50 g. 
This was coated with Bakelite varnish (as were the copper supports for the thermocouples in 
the other traps) and a five-junction thermocouple, similarly coated, was sealed with the same 
material into small holes in the base of the cup. For the warming process the traps were 
surrounded with a mechanically stirred bath of light petroleum fitted with a small heating coil 
and initially cooled with liquid nitrogen. For direct warming curves the reference thermo- 
couple junctions were kept in liquid nitrogen or ice—-water, while for differential warming curves 
they were in the bath of light petroleum. The thermocouple e.m.f. was measured with a 
Cambridge vernier potentiometer. For the differential experiments the bath temperature was 
measured by means of a second thermocouple whose cold junction was in liquid nitrogen. In 
Fig. 3 the trap with the brass cup is connected to the discharge tube with water vapour passing 
through; in Fig. 2, the trap with the suspended disc is arranged for the atomic hydrogen— 
molecular oxygen type of experiment. In fact both types of trap were used for both types of 
experiment. 

The traps used in the supercooling experiments with concentrated hydrogen peroxide 
solutions were as shown in Fig. 4. A single-junction thermocouple was placed in the re-entrant 








ae” ee lla 


oh hb ee OU MO 


— 


~ » #4 (LD * = 4 © ht 4)lCUM 


oe 


a 


= WW eS 








[1957] Hydrogen Peroxide prepared by Discharge-tube Methods. 3973 


tube. Slow warming was carried out as in the discharge-tube experiments with a bath of well- 
stirred light petroleum fitted with a heating coil. With the jacketed trap the rate of cooling 
or heating could be varied by adjusting the pressure of air in the jacket. Before any experiment, 
the traps were left full of fuming nitric acid at 80°c for several hours, and then with concen- 
trated hydrogen peroxide solution for a similar period. The final washing was with distilled 
water, re-distilled from alkaline permanganate, which was also used for diluting the samples. 
Rigorous precautions were taken to exclude dust. ‘‘ High test peroxide ’’ was used, which 
contained 86-5% (w/w) of hydrogen peroxide. 


RESULTS 


Stoicheiometry of the Reaction—In both the water and the hydrogen-oxygen reactions the 
appearance of the solid deposit was the same. There was always a ring of ice on the vertical 
tube from the discharge, inside the trap, while on the walls of the trap itself was a colourless, 
glassy deposit. When enough of the deposit had been collected, the flow of gas through the 
discharge was stopped, and the trap allowed to warm with the apparatus still evacuated; 
the solid underwent the changes described earlier. 


Fic. 6. Differential warming curve for 


























Fic. 5. Warming curve for discharge discharge product with hydrogen-— 
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If the trap itself was removed before the ice on the vertical tube had melted, the concen- 
tration of the peroxide solution was usually about 75% (occasionally 80%). In the analytical 
work now discussed this ice was never allowed to melt, so that the following relates to the 
actual deposit. The gross composition was determined by collecting and analysing the gas 
(oxygen) evolved during and after the frothing; by finding the total weight of hydrogen 
peroxide solution left in the trap; and finally analysing for hydrogen peroxide. In a typical 
experiment with the water discharge, 1-0 x 10-* mole of oxygen was produced during the warming 
of the trap (no hydrogen was formed) and this was then found to contain 3-0 x 10° moles of 
hydrogen peroxide and 1-9 x 10 moles of water, thus giving a H: O ratio for the deposit of 
0-99. In six experiments, the values of the H : O ratio were 0-99, 1-06, 1-00, 1-09, 1-22, and 1-10. 
Thus it appears that its approximate gross composition is (OH),. The molar percentage yields 
of hydrogen peroxide from the glassy deposit in the same six experiments were 61, 55, 65, 60, 
42, and 58. In two similar experiments with the atomic hydrogen-oxygen system, the H : O 
ratio for the glassy deposit was 1-00 and 1-03. 

Heat Effect accompanying the Change at —110°.—Many measurements were made of the 
heat evolution accompanying the change at —110°. In some cases the temperature-time 
curve was determined when the glassy deposit was allowed to warm from liquid-nitrogen 
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temperature to room temperature. An evolution of heat was then shown by an increase in the 
slope of this curve or by a small peak. In other experiments differential heating curves were 
obtained in which heat evolution was shown by a peak. Typical curves are shown in Figs. 5 
and 6. Rough estimates of the heat evolved were obtained from these curves, the warming 
rate of the cup or disc around —110° in excess of that at temperatures just below this region 
being assumed to be due to the heat evolved by the process at —110°. These determinations 
were made on the glass from both the water discharge and the atomic hydrogen-oxygen 
experiments, and there was no discernible difference between the types of heating curves, 
the temperatures of heat evolution (always about —110°) or the actual heat evolutions, in 
either case. In six determinations the heat evolution was within the limits 1—2 kcal./mole 
of hydrogen peroxide finally present. 

It is realised that little quantitative significance attaches to these figures. The great 
difficulty in the experiments was that the conditions of good thermal contact between the 
liquid-nitrogen bath and condensing surface which are required for the production of a good 
yield of glassy deposit are incompatible with the condition of good insulation from the 
surroundings which is needed for an accurate determination of the subsequent heat effect. In 
the brass-cup experiments it was not difficult to obtain a good yield, and the heat could be 
quite accurately measured with the five-junction thermocouple—but much heat must then 
have been lost to the surroundings. On the other hand, conditions in the suspended-disc 
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experiments were much more nearly adiabatic, but for this reason only a small amount of 
deposit could be obtained on the disc. Again, the temperature rise was less accurately deter- 
minable, because of the impracticability of using a thermocouple with more than one junction. 
The figure of 1—2 kcal./mole of hydrogen peroxide thus certainly represents a lower limit for 
the heat effect, but taking all factors into account we consider that the true figure cannot be 
more than twice as great. 

In a few cases the trap was cooled again to liquid-nitrogen temperatures after the process at 
—110° had occurred, but before the product had melted. When warming again took place 
there was never any heat evolution at —110°. 

It seems that the process at — 110° is an irreversible phase transition rather than a chemical 
reaction. The obvious further conclusion that it is the devitrification of a glass was tested in 
the following experiments. 

Glass Formation with Concentrated Hydrogen Peroxide Solutions.—Preliminary experiments 
showed that a stable glass could be formed by rapid cooling with liquid nitrogen of aqueous 
solutions containing 45—80% of hydrogen peroxide by weight. Near these limits the glass 
crystallised fairly rapidly, and outside them no glass could be formed under the conditions used. 

Warming curves were observed for solutions falling within the above range after rapid 
cooling with liquid nitrogen. There was always a well-marked evolution of heat at about 
—110° (Fig. 7). More detailed work showed that heat evolution might start anywhere within 
the range —108° to —112°, and that the precise temperature was not regularly related either 
to the composition of the solution (solutions with 54-2, 56-4, and 67-8% of hydrogen peroxide 
were used) or to the rate of warming before the change, which varied from 0-3 to 2-0 deg./min. 
Moreover, the heat evolution at or near —110°, which will be termed Tp (the devitrification 
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temperature) occurred regardless of the time (from 0 to 26 hr.) for which the system had been 
kept at liquid-nitrogen temperature. The warming curve of Fig. 7 corresponded with a heat 
evolution of about 1 kcal., about 20% less than the heat of fusion estimated for the actual 
weight of hydrogen peroxide solution used. 

Glass formation could also be brought about by slow cooling initially, followed by rapid 
chilling. Such experiments were usually done with the 60% solution, for which the glass 
seems to have maximum stability. Cooling curves for this solution showed an arrest and slight 
rise of temperature at a mean temperature, T,, some 6° below the solidification temperature, ym 
for that solution. (By T, we mean the temperature at which, according to the phase diagram, 
solid should first appear for the solution in question.) Below T, the supercooled liquid was 
extremely viscous. Further slow cooling caused visible crystallisation at a temperature T,; 
this was followed by a rise in temperature to the solidification temperature T,. T, varied 
somewhat for a given solution, from one experiment to another, but was usually about 20° 
below T,. If slow cooling in the jacketed trap to T, was followed by rapid cooling brought 
about by admission of air to the jacket, it was possible to pass through T, without crystallisation’s 
occurring, as was shown both by visual observation and by the lack of heat evolution at T¢. 


Hydrogen Peroxide prepared by Discharge-tube Methods. 
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Subsequent warming from liquid-nitrogen temperatures then gave the usual heat evolution 
at Tp, and ultimately normal melting at T,. In these cases, however, the product looked less 
glassy than that obtained by rapid chilling from room temperature, and the devitrification 
at Tp took place more gradually. Thus the solid may have been less completely vitreous in 
these cases. Solutions cooled slowly to T,, which then crystallised and were further cooled to 
liquid-nitrogen temperature, showed no heat evolution at Tp on heating, but normal melting 
at T,. Solutions cooled slowly below T,, but not further, passed directly into the liquid state 
on warming, with arrests at neither T, nor T;. This behaviour is summarised in Figs. 8 and 9, 
and also in the Table where + indicates an arrest or peak in the temperature-time curve. 


T, Te T, Tp T, 
Slow cooling + Heating from just below T, 
Slow cooling a a a. Heating from —180° + 
Slow cooling + Rapid cooling to —180° followed by heating + 4+ 
Rapid cooling to —180° followed by heating : + + 


Besides this main series of experiments on the 60% solution, observations were made on 
solutions with 50% and 70% of hydrogen peroxide. For 70% hydrogen peroxide the cooling 
curves showed a slight inflection at T,, but crystallisation then took place almost immediately. 
For 50% hydrogen peroxide it was possible to obtain a glass by slow cooling through T, followed 
by rapid cooling, but the process at Tp on subsequent warming was much more gradual than 
for the 60% solution, indicating that the 50% ‘ glass”’ may have been largely crystalline. 
The lower stability was also shown by the fact that crystallisation often occurred when the 
glass was slowly warmed from a temperature just below T,. 
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DISCUSSION 

The governing factor in both the water discharge and the atomic hydrogen-oxygen 
reactions is clearly the ease with-which OH radicals [or (OH),* collision complexes] can be 
condensed or adsorbed on a cold surface. (The OH radicals would be formed in the 
atomic hydrogen experiments by the reactions H + O,—» HO,; H + HO,—» 20H.) 
Solid OH would presumably have a hydrogen-bonded structure and hence physical 
properties not very different from those of ice and solid HF. It might therefore be expected 
to condense at — 80°, even at the small pressure of the discharge tube. At this temperature, 
however, no H,0, is formed. It may be that any OH which condenses at —80° has an 
average thermal energy large enough for the rapid occurrence of the reaction 
20H(c) — O,(g) + H,(g), whereas at lower temperatures this is less likely. 

Granted that the reaction involves the condensation of OH, three possible mechanisms 
can be distinguished: (a) OH radicals condense, and at —110° react with each other; (0) 
OH radicals condense, and subsequently react with OH or H from the gas-phase to give 
H,0, and H,O; (c) OH radicals or (OH),* collision complexes condense, and almost at 
once react with each other to give H,O,, H,O, and Og. 

In each case the possibility of hydrogen peroxide’s decomposing in the solid state at 
and above —110° should be considered, in order to explain the observed evolution of oxygen 
from the solid. 

Mechanism (a) can be excluded at once, because of the small heat evolution at —110°; 
the process 20H —+ H,0, would evolve more than 50 kcal./mole. 

Mechanism (5) has been suggested * in order to account for the reported fact that the 
concentration of the hydrogen peroxide solutions obtainable by these reactions never 
exceeds about 65% by weight. If the reactions OH(c) + OH(g) —» H,O, and OH(c) + 
H(g) —-» H,0 had an equal probability of occurrence, an equimolar mixture of water, 
and hydrogen peroxide should result, containing about 65% of H,O, by weight. In our 
experiments, however, the initial composition of the glassy deposit was approximately 
(OH),, which appears to exclude this mechanism. We always observed a ring of ice on 
the warmer inlet-tube of the liquid-nitrogen-cooled trap, which may have come from 
undissociated water-vapour, or from gas-phase reactions. We took care never to allow 
this ice, on melting, to mix with the product in the trap which then gave concentrations of 
hydrogen peroxide as great as 80%. Such a separation seems not to have been made by 
previous workers. 

There remains mechanism (c). Jones and Winkler‘ explained the identity of the 
products from the water and atomic hydrogen reactions on the basis of collision complexes 
(OH),*, formed by gas-phase reaction in both cases, and existing as an equilibrium mixture 
of two isomers. This equilibrium mixture could be stabilised at a sufficiently cold surface, 
when form A would give solid hydrogen peroxide and form B would decompose to water 
and oxygen. 


H\. 

| qa ‘s PP ——» 0 

; sees 
Stabilised (cold wall) 


Or, H,O+0 


In either case there is the further possibility that some of the hydrogen peroxide may 
decompose while still solid, to yield more water and gaseous oxygen. On mechanism (d) 


* Rodebush, Keizer, McKee, and Quagliano, J]. Amer. Chem. Soc., 1947, 69, 538. 
* Jones and Winkler, Canad. ]. Chem., 1951, 29, 1010. 
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the observed evolution of oxygen could only be explained by such decomposition. Jones 
and Winkler also suggested that form B of the collision complex might give, on stabilisation, 
an isomer of hydrogen peroxide which would decompose to water and oxygen at about 
—110°. On the other hand, if mechanism (c) operates any oxygen formed at the same time 
as the hydrogen peroxide and water might be occluded in the solid, and then released at 
a higher temperature. We believe this to be the case. It is hard to see why solid hydrogen 
peroxide should decompose, when it is a quite stable liquid at a much higher temperature. 
The source of the necessary activation energy is not obvious, although enough OH radicals 
might still be present to act as chain initiators. In addition, the thermal decomposition 
of hydrogen peroxide is exothermic to the extent of about 23 kcal./mole, and much less 
heat than this was evolved during the frothing. Jones and Winkler’s isomer would 
presumably evolve even more heat on decomposition. 

Thus we believe that Jones and Winkler’s mechanism is essentially correct, but we 
further suggest that the glassy deposit is a mixed glass of water and hydrogen peroxide 
containing occluded oxygen molecules. At a more or less definite temperature the glass 
will devitrify, and the oxygen be released. The first process will evolve a few kcal./mole 
(approximately the heat of fusion) and the second process none, in agreement with our observ- 
ations. Moreover, the same mixed glass could result from a condensation or adsorption 
of hydroxyl radicals rather than (OH),* collision complexes; we shall now examine this 
alternative and simpler hypothesis. 

Any reaction in a deposit of OH must take place almost immediately, since we observed 
no heat evolution between liquid-nitrogen temperature and —110°. As each layer of OH 
was deposited, the heat of condensation would be available to initiate reaction in the 
previous layer, and the heat of reaction could then initiate further reaction, the excess 
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being conducted away by the cooling bath. The reaction products would be randomly 
distributed, and might include some unchanged OH radicals. Glasses are well known 
to be formed when vapours impinge on a well-cooled surface, but the present case is possibly 
unique in that the glass finally obtained may arise from chemical reactions subsequent to 
the initial deposition of such a disordered layer. 

It is interesting to speculate on the reaction mechanism in terms of the probable 
structure of the initial deposit. Both ice and solid hydrogen peroxide have hydrogen- 
bonded structures ® with a tetrahedral environment for the oxygen atoms, the structure 
of hydrogen peroxide being considerably more compact than that of ice. We may there- 
fore suppose an OH glass to have its oxygen atoms on a tetrahedral lattice, joined to each 
other by hydrogen bonds. There will only be enough hydrogen atoms for half the 
maximum number of hydrogen bonds possible in such a structure, and it is the distribution 
of these hydrogen atoms which affords the randomness in the structure. In addition 
there will be local distortions and defects. Some oxygen atoms will thus be near one 
another, others further apart, and others will have hydrogen atoms between them. Only 
small displacements will therefore be needed to give either of the three molecules O,, H,O, 
and H,0,, and in the light of the previous remarks these are probably formed almost as 
soon as the hydroxy] radicals find their places in the glass. In terms of hydrogen-bonded 
groups, such reactions might be written as in the annexed scheme. Free oxygen atoms 


5 Bernal and Fowler, J. Chem. Phys., 1933, 1, 515; Abrahams, Collin, and Lipscomb, Acta Cryst., 
1951, 4, 15. 
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or OH radicals might also migrate through the glass. All these processes should require 
a minimum of movement and activation energy. It is possible on this basis to account 
roughly for the observed yields of hydrogen peroxide from the glassy deposit, if we assume 
that this all comes from reactions between groupings H-O O-H. The chance that a 
given pair of oxygen atoms have no hydrogen between them is 3/4 x 3/4 = 9/16 if there 
is uniformly tetrahedral co-ordination. Thus the limiting yield of hydrogen peroxide 
might be about 9/16 or 55%, as compared with the observed yields of 42—65%. The 
picture is grossly over-simplified—it would require molecular oxygen to be formed only 
from migrant oxygen atoms and never by reaction between adjacent hydroxyl groups— 
but it may still be suggestive. 

Jones and Winkler found that no hydrogen peroxide was formed when the trap tem- 
perature was above —120°, while below this temperature the yield increased rapidly. 
This variation with temperature is no doubt due to the different temperature coefficients 
of the reactions involved. They also observed that oxygen was evolved from the products 
only when the trap temperature was below —150°, and that the amount evolved then 
increased as the temperature decreased. Moreover, in their experiments the total weight 
of oxygen evolved from a product collected at a given temperature was proportional to the 
time for which the product was collected, and was independent of the way in which it was 
warmed to room temperature. The latter observation is strong evidence for the view 
that the oxygen is formed at the same time as the hydrogen peroxide and water; if it 
arose from the subsequent decomposition of the hydrogen peroxide, or from any other 
reaction within the glassy deposit at any stage of the warming, the quantity formed should 
be determined by the warming procedure. Jones and Winkler explained the variation in 
oxygen yield with temperature in terms of a shift in the equilibrium between the forms A 
and B of the collision complex. Alternatively, if the oxygen is formed by reaction within 
a glassy layer of OH as the latter is deposited, it will be retained within the glass the more 
readily the lower the temperature. The fact that the ratio H: O for the glassy deposit 
was equal to or slightly greater than unity in our experiments may then mean that most of 
the oxygen was thus retained at liquid-nitrogen temperatures, but that at the progressively 
higher temperatures of Jones and Winkler’s experiments increasing amounts were lost as 
the reaction took place. 

After reaction has occurred, the glass will consist of water, hydrogen peroxide, and 
oxygen molecules and perhaps also a few trapped hydroxyl radicals and oxygen atoms, 
randomly disposed, but with the oxygen still essentially on a tetrahedral lattice and still 
bonded to the neighbouring atoms either by covalent bonds or by hydrogen bonds. Ice 
and solid hydrogen peroxide are reported not to give solid solutions * but an unstable 
compound H,0,,2H,O. Also, whenever solid hydrogen peroxide separates from its aqueous 
solutions much of the liquid is included in the crystals, often very tenaciously. It is 
therefore reasonable that water and hydrogen peroxide should form a mixed glass, 
especially when the component molecules are formed by chemical reaction in situ. 
Devitrification of a glass may in principle occur at any temperature; in the present case 
this will no doubt be aided by the presence of included oxygen molecules. When this 
happens, the crystalline product will presumably be the compound H,0,,2H,0, intimately 
mixed with excess of solid H,O,. The entrapped oxygen will be released, mostly during 
devitrification, but perhaps partly at higher temperatures. The heat of devitrification 
will be a fraction of the heat of fusion, its actual magnitude depending on the proportion 
of the glassy deposit which was actually vitreous and the proportion already crystalline. 
The release of the occluded oxygen, on the other hand, should involve little or no heat 
effect. Thus the total heat evolved would be of the same order of magnitude as that 
observed in our experiments. 

It is significant that a mixed glass of water and hydrogen peroxide, devitrifying at 
about the temperature of the frothing in the glassy deposit, can also be formed by rapid 

* Foley and Giguére, Canad. J. Chem., 1951, 29, 123. 
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cooling of concentrated aqueous solutions of hydrogen peroxide. De Nordwall and 
Staveley 7 have recently reported experiments in which a number of pure compounds were 
obtained as glasses both by condensation of the vapour on a liquid-oxygen- or liquid- 
nitrogen-cooled surface, and by rapid cooling of the liquid. They deduced the heat and 
temperature (Tp) of the subsequent devitrification from warming curves. For a given 
compound, Tp was the same whether the glass was produced from the vapour or from the 
liquid, and it was markedly insensitive both to the previous history of the sample and 
to the percentage of it in the vitreous condition. This is in striking agreement with our 
observations. de Nordwall and Staveley discuss their results in terms of a theory of 
homogeneous nucleation. In more qualitative language we may say that glass formation 
is possible if the liquid can be cooled rapidly enough through the region in which the rate 
of nucleation is appreciable into the region in which molecular movements have become 
difficult. This is the region of the so-called glass-transformation temperature, T,. When 
the resulting glass is warmed, devitrification may occur at a temperature Tp somewhat 
above T,. For such systems, therefore, there is both an upper and a lower crystallisation 
temperature. The upper temperature T, (almost always lower than the true melting- 
point) is determined by the rate of nucleation, while the lower temperature Typ is deter- 
mined by the ease of the translational and orientational movements of the molecules. 
In the latter case existing nuclei can grow sufficiently for crystallisation to occur. 

These considerations apply to hydrogen peroxide solutions, whose tendency to super- 
cool has often been noticed. Such pronounced supercooling has been attributed to the 
adsorption on impurities of the growing (homogeneous) nuclei, whose decomposition is 
thereby catalysed. The fact that glasses are formed only from hydrogen peroxide 
solutions with 45—85% of peroxide can then be explained as follows. The phase 
diagram for the H,O,—H,0 systemi ® shows two eutectics, at about 45% and 55% of H,O3, 
with a shallow maximum between at the composition H,O,,2H,O. Below 45% of peroxide, 
ice separates as the solid phase, there is no “ self-scavenging ’’ tendency, and sufficient 
supercooling for glass formation is impossible. Above 45% of H,Oz, the solid phase is 
either H,O, or the compound H,O,,2H,O, and the self-scavenging effect will operate. 
Above about 85% of H,O,, however, the solidification temperature is so high that the 
supercooling necessary to reach the temperatures around T, will be excessive, and so for 
this different reason a glass may not form. 

The facts that the devitrification temperature is virtually the same for the glassy 
deposit as for glasses formed by rapid cooling of hydrogen peroxide solutions, and that 
this temperature is insensitive to both concentration and the rate of heating, must mean 
that the ease of atomic and molecular movements in the glass increases very rapidly as 
temperature increases in the critical region, so that devitrification always occurs at about 
the same temperature regardless of other factors. In both cases, crystallisation nuclei 
will be present—nuclei which have been “‘ frozen-in ’’ in the case of the glasses formed by 
rapid cooling, and nuclei formed by the randon positioning of the hydroxyl radicals in the 
case of the glassy deposit. From our rough assessment of the heat released on devitrific- 
ation of the glass, both in the quenching and in the discharge-tube experiments, it seems 
that a much greater proportion of the glass was actually vitreous than was the case with 
the glasses of pure compounds obtained by de Nordwall and Staveley. This is hardly 
surprising in view of the more exacting geometrical requirements for the formation of 
separate crystalline phases in the hydrogen peroxide—water case. 

The small hump at T,, observed when hydrogen peroxide solutions are cooled slowly, 
is probably due to the formation of a few crystals which, owing to the operation of the 
self-scavenging effect, cannot grow further. This does not prevent the subsequent 
formation of a glass when the system is cooled rapidly after the hump T, has been passed. 
It must, however, be remembered that transformations in this system are exceptionally 


7 de Nordwall and Staveley, Trans. Faraday Soc., 1956, 52, 1207. 
8 Cooper and Watkinson, +bid., 1957, 53, 635. 
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sluggish; it is stated § that a supercooled solution of hydrogen peroxide can be seeded 
with small crystals of hydrogen peroxide without crystallisation being induced. 
The authors thank Professor C. E. H. Bawn for help and encouragement. 
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789. Pteridine Derivatives. Part IV.* The Formation of 
8-Alkyl-2 : 8-dihydro-2-oxopteridines. 
By W. E. FipiLer and H. C. S. Woop. 


Condensation of 5-amino-2-hydroxy-4-methylaminopyrimidine with 1 : 2- 
diketones gave 8-alkyl-2 : 8-dihydro-2-oxopteridines. It is concluded that 
these compounds (which have a strong affinity for one molecule of water) 
have a para-quinonoid type of structure. Condensation of other 4-alkyl- 
amino-5-aminopyrimidines with glyoxal and with 1: 2-diketones has been 
studied in relation to factors determining the course of the reaction. 


Ir has recently been shown? that purines can be converted into pteridines im vitro under 
conditions which might have biological significance. For example, 2-hydroxypurine at 
20° and pH 5 gives 4-amino-5-formamido-2-hydroxypyrimidine, which at pH 2 loses the 
formyl group to give 4: 5-diamino-2-hydroxypyrimidine (I; R= NH,). The 4: 5-di- 
aminopyrimidine formed in this way then reacts almost quantitatively at pH 7 with 1 : 2- 
dicarbonyl compounds to give pteridines. In Nature, enzymes permit the loss of the 
formyl group under neutral conditions, ¢.g., [2-'4C]guanine is converted by an amphibian 
into a pteridine which gives 2-amino-4-hydroxy([2-“C]pteridine-6-carboxylic acid on 
oxidation.? 
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It has been suggested that, in Nature, the precursors of pteridines are the much more 
abundant purines. On this hypothesis, the naturally occurring purine glycosides would 
give pyrimidines with a substituted amino-group at position 4, e.g., (I; R = NHR’). 
Subsequent condensation with 1 : 2-dicarbonyl compounds would give pteridines with a 
sugar group attached at Nig. We now describe a preliminary investigation of the condens- 
ation of 5-amino-4-alkylaminopyrimidines with 1 : 2-diketones. 

It has been shown ? that condensation of 5-amino-2-hydroxy-4-methylaminopyrimidine 
(I; R = NHMe) with glyoxal gives a bisdihydropuriny] (IT) and not the expected N-alkyl- 
pteridone (III; R = Me, R’ = H). 


* Part III, J., 1956, 3311. 


1 Albert, Biochem. ]., 1957, 65, 124. 
2 Ziegler-Giinder, Simon, and Wacker, Z. Naturforsch., 1956, 11b, 82. 
* Fidler and Wood, /J., 1956, 3311. 
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Condensation of this pyrimidine (1; R = NHMe) with benzil gave 2: 8-dihydro-8- 
methyl]-2-oxo-6 : 7-diphenylpteridine (III; R=Me, R’=Ph). The corresponding 
trimethyl compound (III; R = R’ = Me) has been prepared by Brown and Mason.‘ 
These 2-pteridones are soluble in organic solvents and have relatively low melting points, 
and their absorption spectra are quite distinct from that * of the bisdihydropurinyl (II). 
Both compounds have a strong affinity for 1 molecule of water, which in the case of the 
diphenyl compound cannot be removed. They are readily soluble in dilute alkali, and in 
contrast to other N-alkylpteridones * are not readily degraded by alkali. 

Brown and Mason * suggest that the strongly bound molecule of water is water of 
constitution and that the trimethyl compound has structure (IV; R = R’ = Me, R” = 
OH) but they admit that the evidence is not conclusive. 

The ultraviolet absorption spectra of the hydrated 2: 8-dihydro-8-methyl-2-oxo- 
pteridines (III; R = R’ = Me; and R = Me, R’ = Ph) in ethanol closely resemble that 
of the anhydrous 8-benzyl-2 : 8-dihydro-6 : 7-dimethyl-2-oxopteridine (III; R = CH,Ph, 
R’ = Me) (see Table). Similar absorption is shown by the anhydrous 2: 8-dihydro- 
6 : 7 : 8-trimethyl-2-methyliminopteridine (Part V, in the press) either in ethanol or dry 
dioxan. This strongly suggests that the hydrated pteridones have a para-quinonoid type 
of structure, ¢.g., (III). In the infrared region, the 8-methylpteridones (III; R = R’ = 
Me; and R = Me, R’ = Ph) and the 8-benzylpteridones (III; R = CH,Ph, R’ = H or 
Me) give a very strong absorption band ‘between 1634 and 1647 cm..', 1.e., close to the 
region typical of «f : «’B’-unsaturated ketones.® ? 

1: 2:7: 8-Tetrahydro-8-methyl-2-oxo-6 : 7-diphenylpteridine (IV; R= Me, R’ = 
Ph, R” = H), prepared by condensation of benzoin with the pyrimidine (I; R = NHMe), 
has a chromophoric structure very similar to that suggested by Brown and Mason ‘ for the 
hydrated pteridones. While the ultraviolet spectrum of this compound resembles that of 
(III; R = Me, R’ = Ph) qualitatively, it differs markedly in the intensity of absorption 
(see Table). 


Absorption spectra (in water). 


Substance Amax. (my) € pH 
2 : 8-Dihydro-8-methyl-2-oxo-6 : 7-diphenylpteridine ............ 240; 316° 23,200; 15,600 — 
234; 331 22,400; 12,400 13 
2 : 8-Dihydro-6 : 7 : 8-trimethyl-2-oxopteridine‘ .................+ 239; 327 21,900; 17,800 7 
240; 344 17,000; 15,500 13 
8-Benzyl-2 : 8-dihydro-6 : 7-dimethyl-2-oxopteridine ............ 248; 328¢ 20,600; 18,200 — 
234; 337 18,100; 14,700 13 
8-Benzyl-2 : 8-dihydro-2-oxopteridine .........ccsecceseeceerseeesesers 230; 290¢ 23,800; 8,050 — 
224; 308 23,400; 13,450 13 

2 : 8-Dihydro-6 : 7 : 8-trimethyl-2-methyliminopteridine ......... 248; 352¢ 23,000; 17,400 


247; 354° 21,200; 17,300 — 
1:2: 7: 8-Tetrahydro-8-methyl-2-oxo-6 : 7-diphenylpteridine 242; 315° 13,500; 8500 — 
234; 327 17,200; 9,500 13 
8-Benzyl-2-benzylimino-2 : 8-dihydropteridine ...............e.+0++ 232; 325¢ 15,100; 11,800 — 
8-Benzyl-2-benzylimino-2 : 8-dihydro-6 : 7-dimethylpteridine... 251; 350¢ 22,800; 16,800 — 


* In EtOH. ® In dry dioxan. 


8-Benzyl-2 : 8-dihydro-2-oxopteridine (III; R = CH,Ph, R’ = H) also has a strong 
affinity for 1 molecule of water, and a structure (IV; R = CH,Ph, R’ = H, R” = OH) is 
possible. Oxidation of this pteridone was attempted by Brown and Mason’s technique 4 
but no 8-benzyl-7 : 8-dihydro-2-hydroxy-7-oxopteridine could be detected. -The balance 
of evidence accordingly suggests that the water of hydration is not constitutional (as 
suggested by Brown and Mason ‘), and that the hydrated pteridones have structure (III). 

The solubility in alkali of these pteridones must now be explained. An open-ring 


* Brown and Mason, /J., 1956, 3443. 

5 Albert, Brown, and Wood, /J., 1956, 2066. 

® Cromwell, Miller, Johnson, Frank, and Wallace, ]. Amer. Chem. Soc., 1949, 71, 3337. 
? Brown, Hoerger, and Mason, /., 1955, 211. 
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structure is unlikely because the infrared spectrum of the sodium salt of (III; R = Me, 
R’ = Ph) shows no definite band in the carbonyl stretching region. We suggest that a 
resonance-stabilised anion (V) is formed by attack of a hydroxyl ion at position 7. This 
readily explains the resistance to alkaline degradation shown by (III; R = Me, R’ = Ph). 
Acid hydrolysis readily gives benzil and the pyrimidine (I; R = NHMe) in quantitative 
yield. 

It has been shown § that a carbonyl group reacts preferentially with the 5-amino-group 
of 4 : 5-diaminopyrimidines to give a Schiff’s base; with glyoxal this is followed by cyclis- 
ation to a pteridine. We suggest that, in a 5-amino-4- -methylaminopyrimidine, é.g., 
(I; R = NHMe), glyoxal reacts preferentially with the methylamino-group to give an 
aldehyde-ammonia, which then cyclises to give the five-membered ring of the dihydro- 
purinyl (II). In a 5-amino-4-benzylaminopyrimidine, e.g., (I; R = NH*CH,Ph), the 
relative nucleophilic reactivity of the 5- and the 4-nitrogen atom should be close to that of 
a 4: 5-diaminopyrimidine. Thus condensation of glyoxal with 5-amino-4-benzylamino-2- 
hydroxypyrimidine (I; R= NH-°CH,Ph) gave 8-benzyl-2 : 8-dihydro-2-oxopteridine 
(III; R = CH,Ph, R’ = H), presumably via an intermediate Schiff’s base. The pteridone 
was characterised by analysis and by comparison of its spectrum (ultraviolet and infrared) 
with those of other 8-substituted 2: 8-dihydro-2-oxopteridines. Some intermolecular 
condensation also takes place, to give a small quantity of the azomethine (VI), 
possibly owing to steric causes. Glyoxal reacted similarly with 5-amino-2 : 4-bisbenzyl- 
aminopyrimidine, to give the corresponding iminopteridine (VII). 


N= CH 


= CH=N 
N~ ) Ns ‘t 
Holy Ls 
N 


NH-CH,Ph PhCH, HN A,., CH,Ph 
v1 weedy WII) 





Diacetyl and benzil react with all the above 4-alkylamino-5-aminopyrimidines (I; R = 
NHMe, NH,, or NH-CH,Ph) to give pteridones (III). As the carbonyl-carbon atoms of 
diacetyl are less electrophilic, and those of benzil more electrophilic, than those of glyoxal, 
the governing factor in the above condensations cannot be purely electronic. We suggest 
that the second factor is steric. Diacetyl and benzil are prevented by steric hindrance 
from reacting with the 4-methylamino-group in a 5-amino-4-methylaminopyrimidine. 
This steric hindrance is illustrated by the formation of an azomethine (?.e., initial condens- 
ation has taken place at the 5-amino-group) from a 5-amino-4-methylaminopyrimidine and 
p-nitrobenzaldehyde. The diketones and #-nitrobenzaldehyde, unlike the small glyoxal 
molecule, are thus constrained to react first with the 5-amino-group with the formation of a 
Schiff‘s base, later cyclising to a pteridine where possible. 


EXPERIMENTAL 


Yields of substances that have no definite m. p. refer to the stage when they appeared 
homogeneous in paper chromatography in butanol—5n-acetic acid (7: 3) on being viewed in 
ultraviolet light of wavelengths 254 and 365 my. Infrared spectra were determined in Nujol 
mull. 

2 : 8-Dihydro-8-methyl-2-0xo0-6 : 7-diphenylpteridine.—Benzil (1-07 g.) in ethanol (2 c.c.) 
was added to a solution of 5-amino-2-hydroxy-4-methylaminopyrimidine ® (0-64 g.) in boiling 
water (2 c.c.). The solution was heated on the steam-bath for 15 min.; crystals began to 
separate. The slurry was chilled, and the solid collected and recrystallised from ethanol to 
give the pale yellow pteridone (1-2 g., 79%), m. p. >300° (decomp.) (Found: C, 68-8; H, 4-3; 
N, 17-2. C,,H,,ON,,H,O requires C, 68-7; H, 4-9; N, 16-9%). 

§ Dick, Wood, and Logan, /J., 1956, 2131. 

* Brown, J. Appl. Chem., 1955, 5, 358. 
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The pteridone (0-1 g.) was dissolved in hot 5N-sodium hydroxide (20 c.c.), and the mixture 
was heated on the steam-bath for 5 min. The solution was filtered and 10N-sodium hydroxide 
(10 c.c.) added. The sodium salt of the pteridone then rapidly crystallised, was collected, 
washed with ethanol and acetone, and dried in vacuo. 

Degradation of 2 : 8-Dihydro-8-methyl-2-0x0-6 : 7-diphenylpteridine.—(a) Acid. The pteridone 
(0-5 g.) was refluxed in N-hydrochloric acid (50 c.c.) for 12 hr. The solution was cooled and 
extracted with chloroform (3 x 25 c.c.), and the extract after drying (Na,SO,) was evaporated 
im vacuo to give benzil (0-31 g., 100%), m. p. and mixed m. p. 94—95°. The aqueous layer was 
diluted to 250 c.c. with 0-1N-hydrochloric acid, and the amount (100%) of 5-amino-2-hydroxy- 
4-methylaminopyrimidine was estimated by measurement of the intensity of the ultraviolet 
absorption band at 294 mu. 

(b) Alkali. The pteridone (0-2 g.) in 5N-sodium hydroxide was refluxed for 7 hr., then 
cooled, warm water (200 c.c.) and concentrated hydrochloric acid (19 c.c.) were added, and the 
benzil (68%) and pyrimidine (66%) were estimated as above. 

1: 2:7: 8-Tetrahydro-8-methyl-2-0xo0-6 : 7-diphenylpteridine.—To a solution of 5-amino-2- 
hydroxy-4-methylaminopyrimidine (0-24 g.) and benzoin (0-4 g.) in ethanol (5 c.c.) were added 
acetic acid (2 c.c.) and boiling water (5 c.c.). The solution was refluxed for 2 hr. and chilled 
overnight. The solid was collected, extracted with boiling chloroform (50 c.c.; extract 
excarded), and then treated with hot 5N-sodium hydroxide solution (10 c.c.). The alkaline 
distract was cooled and neutralised with acetic acid, and after refrigeration 1: 2:7: 8-tetra- 
hydro-8-methyl-2-0xo0-6 : 7-diphenylpteridine (0-2 g.) was deposited as colourless needles, m. p. 
>300° (Found: C, 69-7; H, 4:6; N, 17-7. C,,H,g,ON,,4H,O requires C, 70-0; H, 5-2; N, 

73%). 

4-Benzylamino-2-hydroxy-5-nitropyrimidine.—2 : 4-Dichloro-5-nitropyrimidine (2 g.) in 
acetone (10 c.c.) was added dropwise in 10 min. to a stirred mixture of ice and water (200 c.c.). 
Benzylamine (3 c.c.) in ice-cold water (10 c.c.) was then added during 30 min. The solid was 
collected, washed with water (50 o.c.), and refluxed with 2N-sodium hydroxide (50 c.c.) for 
5 min. Insoluble 2: 4-bisbenzylamino-5-nitropyrimidine, m. p. 178—180°, was filtered off. 
The filtrate was cooled and acidified with acetic acid, and 4-benzylamino-2-hydroxy-5-nitro- 
pyrimidine was collected and recrystallised from ethanol (150 c.c.), to give pale yellow needles 
(1-3 g.), m. p. 225—228° (Found: C, 54-0; H, 3-7; N, 23-2. C,,H,,O,;N, requires C, 53-7; H, 
4-1; N, 22-8%). 

5-A mino-4-benzylamino-2-hydroxypyrimidine.—4-Benzylamino-2-hydroxy-5-nitropyrimidine 
(1-1 g.) in hot ethanol (200 c.c.) was hydrogenated over Raney nickel at 4 atm. for 3 hr. The 
solution was boiled, filtered hot, and concentrated to 5 c.c. Refrigeration gave 5-amino-4- 
benzylamino-2-hydroxypyrimidine which recrystallised from aqueous ethanol as golden prisms, 
m. p. 218—223° (decomp.) (Found: C, 60-7; H, 4:9; N, 26-1. C,,H,,ON, requires C, 61-1; H, 
5-5; N, 25-9%). 

4-Benzylamino-2-mercaptopyrimidine.—2 : 4-Dimercaptopyrimidine 14 (10 g.) and benzyl- 
amine (50 c.c.) were heated on the steam-bath for 3 days, then the white crystalline product 
was collected. Recrystallisation from ethanol gave 4-benzylamino-2-mercaptopyrimidine 
(13-5 g.) as needles, m. p. 249—253° (decomp.) (Found: C, 60-8; H, 5-3; N, 19-3. C,,H,,N,S 
requires C, 60-8; H, 5-1; N, 19-4%). 

4-Benzylamino-2-hydroxypyrimidine.—4-Benzylamino-2-mercaptopyrimidine (13 g.), chloro- 
acetic acid (10 g.), and water (72 c.c.) were refluxed for 40 min. 10N-Hydrochloric acid (67 c.c.) 
was added to the solution which was refluxed for a further 3 hr. Evaporation gave a dark 
brown solid which was dissolved in water (70 c.c.), ammonia was added to pH 8—9, and the 
mixture was stirred for 30 min. The white precipitate was collected, washed with water and 
acetone, and recrystallised from ethanol (400 c.c.), to give 4-benzylamino-2-hydroxypyrimidine as 
needles, m. p. 213—-217° (decomp.) (Found: C, 65-9; H, 5-4; N, 21-1. C,,H,,ON, requires 
C, 65-7; H, 5-5; N, 20-9%). 

The hydroxypyrimidine could not be coupled with -chlorobenzenediazonium chloride. 
Nitration gave a mixture of di- and tri-nitro-derivatives. 

8-Benzyl-2 : 8-dihydro-2-oxopteridine.—5-Amino-4-benzylamino-2-hydroxypyrimidine (0-2 g.) 
in hot ethanol (50 c.c.) was added dropwise during 30 min. to polyglyoxal (0-12 g., 2 equivs.) in 
boiling ethanol (20 c.c.). The mixture was refluxed for a further 30 min., then the yellow 

10 Brown, J]. Appl. Chem., 1952, 2, 239. 

11 Idem, J. Soc. Chem. Ind., 1950, 69, 353. 
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precipitate was collected. The filtrate was concentrated im vacuo to small volume and hot 
water (4 c.c.) was added. Refrigeration gave 8-benzyl-2 : 8-dihydro-2-oxopteridine (0-06 g.) as 
pale buff needles, m. p. 240° (decomp.) (Found: C, 60-7; H, 4-8; N, 21-2. C,;H,,ON,,H,O 
requires C, 60-9; H, 4:7; N, 21-9%). The pteridone dissolved readily in dilute sodium 
hydroxide solution. 

The yellow precipitate (0-03 g.) was dissolved in warm Nn-ethanolic sodium hydroxide and 
reprecipitated by careful neutralisation, to give glyoxylidenebis-(5-amino-4-benzylamino-2- 
hydroxypyrimidine) (Found: N, 25-1. C.,H,,0,N, requires N, 24-7%). Treatment of the azo- 
methine with cold dilute hydrochloric acid gave 5-amino-4-benzylamino-2-hydroxypyrimidine. 

8-Benzyl-2 : 8-dihydro-2-oxopteridine was treated with aqueous potassium permanganate at 
60—70°.4 No 8-benzyl-7 : 8-dihydro-2-hydroxy-7-oxopteridine could be detected in paper 
chromatograms of the reaction mixture. 

8-Benzyl-2 : 8-dihydro-6 : 7-dimethyl-2-oxopteridine—To a solution of 5-amino-4-benzyl- 
amino-2-hydroxypyrimidine (0-1 g.) in hot ethanol (10 c.c.) was added diacetyl (0-1 c.c.). The 
solution was refluxed for 20 min. and cooled, 8-benzyl-2 : 8-dihydro-6 : 7-dimethyl-2-oxopteridine 
(0-06 g.) separating as golden needles, m. p. 240° (decomp.). This was recrystallised for analysis 
from ethanol (20 c.c.) (Found: C, 68-0; H, 5-0; N, 21-3. C,;H,,ON, requires C, 68-0; H, 5-3; 
N, 21-1%). The pteridone was soluble in dilute sodium hydroxide. 

2 : 4-Bisbenzylamino-5-nitropyrimidine.—2 : 4-Dichloro-5-nitropyrimidine (0-55 g.) was dis- 
solved in warm benzene (30 c.c.). Benzylamine (2 c.c.) was added dropwise to the stirred 
solution to give an immediate yellow precipitate. The mixture was stirred for 20 min. and the 
product (1-55 g.) collected. MRecrystallisation from ethanol (200 parts) gave 2: 4-bisbenzyl- 
amino-5-nitropyrimidine as pale yellow plates, m. p. 179—182° (Found: C, 64-5; H, 4-3; N, 
21-0. C,,H,,O,N, requires C, 64-5; H, 5-1; N, 20-9%). 

8-Benzyl-2-benzylimino-2 : 8-dihydropteridine.—2 : 4-Bisbenzylamino-5-nitropyrimidine (0-2 
g.) in ethanol (70 c.c.) was hydrogenated over Raney nickel as above. To the filtered solution 
were added acetic acid (0-2 c.c.) and polyglyoxal (0-04 g.) in ethanol (20c.c.). The solution was 
refluxed for 10 min., and a saturated solution of potassium hydrogen carbonate (2 c.c.) in water 
(70 c.c.) was then added. Ethanol (40 c.c.) was distilled im vacuo from the solution, and the 
cooled residual solution was extracted with chloroform (3 x 50c.c.). The combined chloroform 
extracts were washed with water (3 x 50 c.c.), dried (Na,SO,), and evaporated to dryness 
im vacuo, to give 8-benzyl-2-benzylimino-2 : 8-dihydropteridine as a non-crystallisable, light- 
brown solid (Found: C, 71-2, 71-1; H, 4-7, 4-6; N, 20-2. C,)H,,N,;,4H,O requires C, 71-4; H, 
5-4; N, 20-9%). 

8-Benzyl-2-benzylimino-2 : 8-dihydro-6 : 7-dimethylpteridine.—2 : 4-Bisbenzylamino-5 - nitro- 
pyrimidine (0-3 g.) was reduced as above, and to the filtered solution was added diacetyl 
(0-2c.c.). The solution was refluxed for 20 min., then concentrated in vacuo to5c.c. Refriger- 
ation gave 8-benzyl-2-benzylimino-2 : 8-dihydro-6 : 7-dimethylpteridine (0-2 g.) as yellow needles, 
m. p. 181—185° (decomp.) (Found: C, 74-8; H, 5-8; N, 19-8. C,,H,,N, requires C, 74-4; H, 
6-0; N, 19-7%). 

4-Chloro-6-methylamino-5-p-nitrobenzylideneaminopyrimidine.—To a solution of 5-amino-4- 
chloro-6-methylaminopyrimidine }* (0-4 g.) in hot ethanol (20 c.c.) was added p-nitrobenz- 
aldehyde (0-44 g.) in hot ethanol (10 c.c.). The solution was refluxed for 30 min. and cooled. 
The product (0-76 g.) which separated, recrystallised from ethyl acetate (30c.c.), to give 4-chloro- 
6-methylamino-5-p-nitrobenzylideneaminopyrimidine as red prisms, m. p. 198—200° (Found: C, 
49-2; H,3-1; N, 24:3. C,,H,,O,N,Cl requires C, 49-4; H, 3-4; N, 24-1%). Treatment of the 
azomethine with mineral acid effected immediate hydrolysis. 

8-Benzyl-7 : 8-dihydro-2-hydroxy-7-oxopteridine.—5-Amino-4-benzylamino-2-hydroxypyrim- 
idine (150 mg.) and ethyl glyoxylate hemiacetal (0-2 c.c.) #* in hot ethanol (15 c.c.) were refluxed 
for 20 min. The solution was concentrated in vacuo to 3 c.c. and hot water (3 c.c.) was added. 
The pale yellow solid which separated on cooling was collected and recrystallised from ethanol, 
to give 8-benzyl-7 : 8-dihydro-2-hydroxy-7-oxopteridine as white needles, m. p. 238—240° 
(Found: C, 60-9; H, 3-5. C,;H,,O,N, requires C, 61-4; H, 3-95%). 


THE Royat COLLEGE oF SCIENCE AND TECHNOLOGY, GLASGow. [Recetved, April 4th, 1957.} 


8 Brown, J. Appl. Chem., 1954, 4, 72. 
13 Rigby, J., 1950, 1912. 
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790. cyclo(Glycylglycyl-DL-prolyl). 
By P. W. G. Smits. 


A crystalline product formed from a solution of glycyl-pL-prolylglycine 
ethyl ester has been shown to be cyclo(glycylglycyl-pt-prolyl). A modi- 
fied chlorination method for the detection of certain cyclic peptides on 
paper chromatograms is described. 


DurinG work on the condensation—polymerisation of some peptide esters containing 
glycyl and prolyl residues,’ a solution of glycyl-pL-prolylglycine ethyl ester in anhydrous 
ethanolic triethylamine was set aside at room temperature for a long time. A crystalline 
product slowly formed in low yield, and was removed periodically by filtration, during 
about two years. This product has now been shown t» be cyclo(glycylglycyl-DL-proly]) 
(I; R =H). 


NR-CH,+CO CH, co CH, 
oc~ ogres Oe CY ee. oe 

(1) i | CH, | | CH, (II) 
H.C CH / HN De 
“NR co” Hy, “co CH, 





That the product did not give a ninhydrin reaction and yet yielded proline and glycine 
on acid hydrolysis suggested immediately that it was a cyclic peptide. After crystallis- 
ation from water and drying at room temperature the product appeared from analytical 
data to be a monohydrate, but drying at 60° failed to remove any water. Molecular- 
weight determination by the isopiéstic method in trifluoroacetic acid ? gave a value in only 
approximate agreement with the cyclotripeptide structure, but larger cyclic peptide 
structures are obviously excluded.* 

Other products which were slowly formed in the ethanolic solution, and were 
detected and identified by paper chromatography after a period of 2 years, were glycyl- 
prolylglycine, glycine, glycylproline anhydride [3 : 6-dioxopyrrolidino(l’ : 2’-1 : 2)piper- 
azine] (II) and probably some hexapeptide ethyl ester. The anhydride (II) was in fact the 
main product isolated from heated solutions of the tripeptide ethyl ester.1 None of these 
products was present in detectable amount when the first crop of cyclic product was 
removed. 

When the behaviour of the compound (I; R =H) on paper-chromatography was 
investigated there was no reaction in the chlorination procedure used for its detection, 
either following the original method ? or the modification described by Reindel and Hoppe,‘ 
under conditions which readily detected piperazine-2 : 5-diones and linear peptides. This 
surprising result cast doubt as to the nature of our compound. A specimen of cyclo- 
(hexaglycyl) ® [originally thought to be cyclo(triglycyl)] was therefore prepared from 
diglycylglycine hydrazide. This, too, gave no chlorination reaction. The chlorination of 
these cyclic peptides was therefore further investigated. An aqueous solution of 
piperazine-2 : 5-dione readily gave NN’-dichloropiperazine-2 : 5-dione on treatment with 


* The referees have pointed out that the calculated molecular weights for the cyclotripeptide hydrate 
and the cyclohexapeptide dihydrate would be expected to be 229/2 and 458/3 respectively, the mole 
of water contributing a particle, viz. H,O*, in trifluoroacetic acid. A repetition of the control molecular- 
weight determination in the presence of a mole of added water gave a value of 135, in approximate 
agreement with the normal calculated value. Within the limits of the accuracy of the method, the 
water of crystallisation does not affect the determined molecular weight therefore, and must equilibrate 
throughout the system. 


1 Rydon and Smith, J., 1956, 3642. 

Schwyzer, Iselin, Rittel, and Sieber, Helv. Chim. Acta, 1956, 39, 872. 
Rydon and Smith, Nature, 1952, 169, 922. 

Reindel and Hoppe, Ber., 1954, 87, 1103. 

Sheehan and Richardson, J. Amer. Chem. Soc., 1954, 76, 6329. 
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chlorine. The product could be crystallised from water or dioxan, but slight decomposition 
occurred (on one occasion decomposition was sudden and complete on attempted crystallis- 
ation from dioxan). Satisfactory analytical results were obtained on the specimen with- 
out crystallisation. The compound had the expected properties of a chloro-amide, liberat- 
ing iodine from acidified potassium iodide solution and oxidising «-amino-acids to the 
corresponding aldehydes. Solutions of cyclo(hexaglycyl) and of the cyclotripeptide (I; 
R =H) similarly gave hexa-N-chlorocyclo(hexaglycyl) and NN’-dichlorocyclo(glycyl- 
glycyl-pL-prolyl) (I; R = Cl), respectively. Detection of the cyclic peptides on chrom- 
atograms was then achieved by the modified procedure described below. As cyclo(glycyl- 
L-leucylglycyl-t-leucylglycyl) is reported to give a positive Reindel—-Hoppe test,® the 
reason that cyclo(glycylglycylprolyl) and cyclo(hexaglycyl) react only to far more vigorous 
conditions of chlorination is not obvious. Molecular models of cyclo(glycylglycylproly]) 
show that both chlorine atoms in the NN’-dichloro-compound can be accommodated quite 
readily. Some departure from planarity in the amide bonds is necessary in the formation 
of the cyclotripeptide structure, however, if some distortion of normal bond angles is to be 
avoided.? 

Attempts to confirm the structure (I; R =H) assigned to the product, by partial 
hydrolysis with n/15-lithium hydroxide, were unsuccessful. Chromatograms of the 
partial hydrolysate showed two rather diffuse spots after being sprayed with ninhydrin; 
these were probably unresolved mixtures of several peptides. No spots having an Rr 
value less than that of a mixture of the three possible tripeptides were detected, indicating 
that larger peptides which would be expected to be formed from a cyclohexapeptide ring 
were not present in the hydrolysate. 

The infrared spectrum of the cyclic peptide is compatible with a cyclopeptide structure. 
It contains three strong bands due to carbonyl absorption, t.e. a doublet at 1675 and 1661 
and a further band at 1621 cm.-!. The last, the strongest in the spectrum, cannot be due 
to an ionised carboxyl group, the band for which occurs at 1603 cm.- in the spectrum of 
glycyl-pL-prolylglycine. The linear tripeptide shows a weak band at 2632 cm.-! (NH,*?) 
not present in the cyclic peptide. Two possible “ amide II’ bands are shown by cyclo- 
(glycylglycylprolyl) (1546 and 1520 cm.*'); this band occurs at 1541 cm.~ in the case of the 
linear tripeptide and is absent from the spectrum of glycylproline anhydride. 

The formation of cyclic tripeptides has been claimed previously.* 1 However the more 
usual product from the self-condensation of an active tripeptide derivative is the corre- 
sponding cyclohexapeptide. Thus tripeptide azides,’ cyanomethy] esters,? and #-nitro- 
benzenethiol esters }? all yield cyclohexapeptides, the formation of which may be due, in 
part, to the formation of bimolecular complexes, with pairs of molecules bonded together 
“ head-to-tail.” 1% In the present example, in which the tripeptide molecule has a centrally 
situated prolyl radical, the formation of such complexes is less likely; furthermore the 
molecule can readily take up a conformation favourable for intramolecular cyclisation to 
the cyclic tripeptide. 


EXPERIMENTAL 


All of the new compounds described decomposed when heated without showing any 
characteristic m. p. 


Paper chromatography (5-ul. spots of solutions of about 5 mg./ml.) was on Whatman No. 
filter paper, butanol—acetic acid—water (4: 1:5; upper phase) being used. 


Kenner and Turner, Chem. and Ind., 1955, 602. 

Edward, Research, 1955, 8, s38. 

Ballard, Bamford, and Weymouth, Proc. Roy. Soc., 1954—1955, A, 227, 155. 
Winitz and Fruton, J. Amer. Chem. Soc., 1953, 75, 3041. 

10 Brockmann, Tummes, and Metzsch, Naturwiss., 1954, 41, 37. 

11 Sheehan, Goodman, and Richardson, J. Amer. Chem. Soc., 1955, 77, 6391. 

12 Kenner, personal communication. 

18 Rees, Tong, and Young, /., 1954, 662. 
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Analytical results were obtained in this Department by Miss J. Cuckney and her staff, and 
the infrared spectra by Mr. R. L. Erskine, B.Sc. 

cyclo(Glycylglycyl-DL-prolyl).—Glycyl-pL-prolylglycine ethyl ester, liberated from the hydro- 
chloride 4 (1-18 g.) with ammonia in chloroform, was dried at 30°/0-04 mm. for 30 min., dissolved 
in ethanol (50 ml.) containing triethylamine (6 ml.) and set aside at room temperature. After 
4 months a first crop (40 mg.) of short rods was filtered off and crystallised from water, giving 
cyclo(glycylglycyl-pL-prolyl) monohydrate (28 mg., 3%), bipyramids (Found: C, 47-6, 47-0; H, 
6-6, 6-7; N, 18-5, 18-79%; M,177. C,H,,0;N;,H,O requires C, 47-2; H, 6-6; N, 18-3%; M, 229). 

NN’-Dichloropiperazine-2 : 5-dione.—Chlorine was passed for 15 min. into a solution of 
piperazine-2 : 5-dione (1 g.) in water (60 ml.). Next day, the chloro-amide (1-5 g., 94%) was 
collected, washed well with cold water, and dried (P,O;) (Found: Cl, 38-4. C,H,O,N,Cl, 
requires Cl, 38-7%). It gave no colour when boiled with aqueous ninhydrin, and when 
boiled with aqueous DL-valine gave isobutyraldehyde (characterised as the 2 : 4-dinitropheny]l- 
hydrazone). The following were similarly prepared: hexa-N-chlorocyclo(hexaglycyl) (35 mg.) 
from cyclo(hexaglycyl) ® (25 mg.) in water (5 ml.) (Found: Cl, 37-1. C,,H,,O,N,Cl, requires Cl, 
38-7%); and NN’-dichlorocyclo(glycylglycyl-pi-prolyl) (8 mg.) from the cyclic peptide (9 mg.) 
in water (2-5 ml.) (Found: Cl, 24-4. C,H,,0O,N,Cl, requires Cl, 25-3%). 

Chlorination of Chromatograms : a Modified Procedure for Detection of Cyclic Peptides.—After 
the usual development of the chromatogram, solvent was removed at room temperature over- 
night followed by 30 min. at 50°. The chromatograms were then thoroughly moistened in 
steam for 3 min., treated with chlorine for 10 min., and dried at 50° for 15 min. Meanwhile, 
a saturated solution of 4 : 4’-diamino-3 : 3’-dimethyldipheny] in 2% aqueous acetic acid (1 part) 
was mixed with M/20-aqueous potassium iodide (1 part). The chlorinated chromatograms were 
dipped in this reagent until colour development was complete, rinsed in 2% aqueous acetic acid 
and blotted dry. Relative Ry values were: piperazine-2: 5-dione, 1-00; glycylproline 
anhydride, 1-78; cyclo(hexaglycyl), 0:59; cyclo(glycylglycylprolyl), 1-53. 

Molecular-weight Determination.—The method was a modification (Schwyzer et al.*) of Morton, 
Campbell, and Ma’s * isopiestic method. Samples (3—4 mg.) of unknown and standard 
substances were weighed into “‘ Polytop ’’ specimen tubes (4 x 1 cm.) and dissolved in a weighed 
amount (ca. 700 mg.) of redistilled trifluoroacetic acid. The tubes were placed in a flat-bottomed 
desiccator bottle (10 x 3 cm.), together with a few drops of the solvent. The bottle was 
evacuated under controlled conditions ™ to ca. 150 mm. and totally immersed in a water-bath at 
room temperature, and the solutions were stirred electromagnetically. The weight of solvent 
in each tube was determined periodically. 

Result were calculated from the expression M = 114*W,/yW,, and the conditions were: 
experiment 1, standard—piperazine-2 : 5-dione (2-54 mg. = W,), “‘ unknown ’’—glycylproline 
anhydride (II) (3-09 mg. = W,); experiment 2, standard—piperazine-2 : 5-dione (3-30 mg. = 
W,), “‘ unknown ’’—cyclic peptide (4-28 mg. = W,). 


Solvent weights (mg.). 








Expt. 1 Expt. 2 
Time (hr.) 0 48 96 0 24 48 72 96 
Standard (%) ......... 871-9 790-7 734-7 744-4 653-5 590-5 414-4 382-0 
“Unknown ”’ (y) ... 752-8 610-4 558-8 749-1 609-5 538-8 346-8 318-9 
GIF. entesscenesncestnouts 1-158 1-295 1-315 0-994 1-072 1-096 1-195 1-198 
TIE enscessneescuseensves —_— —_ 189 ¢ — _ — —_— 177° 


* Calc. for C,H,,O,N,: M, 154. *° C,H,,0,N, requires M, 211. 


Infrared Spectra (KBr Discs).—cyclo(Glycylglycyl-D1L-prolyl). Max. at 3484, 3413, 3300, 
3257, 2915 w,.1675 and 1661 vs, 1621 vs, 1546, 1520, 1458 and 1447, 1410, 1357 w, 1335, 1307 w, 
1282, 1267, 1255, 1239, 1195, 1167 w, 1115 w, 1041 w, 1018 w, 963 w cm.-?. 

Glycyl-pi-prolylglycine. Max. at 3509 infl., 3390 infl., 3268, 3155 infl., 3067, 2941, 2857, 
2755, 2632, 2545 infl., 2033 w, 1650 vs, 1603, 1575, 1541, 1477, 1460 infl., 1422, 1397 and 1383, 
1361, 1319, 1282, 1269, 1238, 1205, 1183 w, 1170 w, 1156, 1139 w, 1068, 1046 w, 1024, 988 w, 
955 w cm."}, 


14 Morton, Campbell, and Ma, Analyst, 1953, 78, 722. 
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Glycyl-L-proline anhydride. Max. at 3190 and 3155, 3106, 2941, 2890, 1678 and 1650 vs, 
1499, 1455, 1403, 1381, 1333, 1290, 1266, 1239, 1224, 1192, 1174, 1156, 1109, 1058 w, 1001, 
966 w cm."}. 


I am grateful to Professor H. N. Rydon for his interest and to Dr. E. S. Waight for discussions 
concerning the infrared spectra. 


DEPARTMENT OF CHEMISTRY, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENsINGTON, Lonpon, S.W.7. (Received, April 15th, 1957.] 





791. The Relative Stabilising Influences of Substituents on Free Alkyl 
Radicals. Part III The Cleavage of Monosubstituted Dibenzyl 
Ethers by Grignard Reagents in the Presence of Cobaltous Chloride. 


By R. L. Huanc and (Miss) Stnc Sow S1-Hoe. 


Dibenzyl ether is considered to be cleaved by Grignard reagents in the 
presence of cobaltous chloride via the radical ~CHPh-O*CH,Ph, which gives 
benzyl alcohol and toluene. Cleavage of a substituted dibenzyl ether 
would proceed via the radical R°C »H,-CH-O-CH,Ph (I) provided R has more 
stabilising action than hydrogen on the intermediate benzyl radical. The 
direction of cleavage therefore enables such stabilising effects of R and H 
to be compared. All the six ethers studied (R = p-Ph, p-Cl, p-OMe, p-Me, 
p-Bu't, and m-Me) were cleaved via the radical (as I) to give substituted benzyl 
alcohols R-C,H,*CH,°OH and toluene, indicating that all these substituents 
are relatively more stabilising than hydrogen. 


A RECENT study ? of the cleavage of substituted diphenyl ethers by Grignard reagents in 
the presence of anhydrous cobaltous chloride permitted a comparison of the relative 
stabilities of aryloxy-radicals. We now report the cleavage by the same method of six 
monosubstituted dibenzyl ethers, and propose a mechanism on the basis of which the 
direction of cleavage in each case indicates the relative stabilising influence of the phenyl 
and the substituted phenyl groups on free alkyl radicals. 

This method of cleavage, first reported by Kharasch and Huang,? affects a variety of 
ethers including benzyl aryl, allyl phenyl, diphenyl, and dibenzyl ethers. No mechanism 
was proposed for any of these cleavages, although free alkyl radicals and/or free hydrogen 
atoms were suggested as possible agents. In the case of diphenyl ethers, Huang? postul- 
ated the reaction as proceeding via aryloxy-radicals, produced by the agency of atomic 


K 

hydrogen: Ph-O-Ph——> Ph-O- + PhH. Conclusions regarding the stabilising effects 
of substituent groups on aryloxy-radicals, on the whole, confirmed and extended the 
theory put forth by Ingold * in 1934. In the case of dibenzyl ethers the mechanism of 
cleavage is probably different: indeed, it would be surprising if these two structurally 
divergent types of ethers, which represent extremes in behaviour towards ionic reagents,® 
should be cleaved by the same mechanism. A satisfactory mechanism should be able to 
explain (a) the reaction conditions, which call for a large excess of the Grignard reagent 
(5 mols.) and of the cobaltous chloride (2-5 mols.), and (5) the products, which in the case 
of dibenzyl ether are toluene and benzyl alcohol, obtained in good yields and free from 


1 Part II, Huang, J., 1957, 1342. 

2 Huang, /., 1954, 3084; 3088. 

’ Kharasch and Huang, J. Org. Chem., 1952, 17, 669. 
* Ingold, Trans. Faraday Soc., 1934, 30, 52. 

5 See Burwell, Chem. Rev., 1954, 54, 615. 
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by-products. One such mechanism would be the following, involving the action of an 
excess of free alkyl radicals and hydrogen atoms: 


(1) 





Ph-CH,-O-CH,Ph => -CHPh-O-CH,Ph (I) 
Free alkyl or H- 
fe H.Ph 
-“Y (2) 
Ph-CH— —» PhCHO + Ph-CH,: 


(1) of | 


Ph:CH,-OH PhCH, 


Steps (1) and (2) are analogous to the processes postulated by Evans and his co-workers ® 
in a mechanism which satisfactorily explains the diverse products arising from the attack 
of free alkyl or aryl radicals, generated by the electrolysis of Grignard reagents, on aliphatic 
ethers, ¢.g.: 


Me-CH,-O-Et va *CHMe-O-Et ——» Me-CHO + Et-——» EtH + C,H, 


RMgX 
Me-CHR-OH 


The abstraction of an active hydrogen (step 1) is a well-known specific reaction of free 
radicals, and occurs with a large variety of substances such as alkylbenzenes, ketones, and 
esters.? Step (2), that of disproportionation, is again a common occurrence with free 
radicals and finds many analogies, such as the break-down of a free alkoxy-radical to a 
carbonyl compound and a free alkyl, ¢.g., the isopropyloxy-radical gives acetaldehyde and 
free methyl, and the #ert.-butoxy-radical acetone and free methyl. The reductive nature 
of the Grignard reagent-cobaltous chloride system has been well demonstrated, and 
provides analogies for step (3) in the reduction of halogenobenzenes ® and isosafrole.% 
However, the possibility that benzyl alcohol was further reduced to toluene (giving two 
mols. of toluene per mol. of ether) was excluded by subjecting benzaldehyde itself to the 
cleavage conditions, and isolating a fair yield of benzyl alcohol, but no toluene. It might 
be presumed that the benzyl alcohol so produced was protected from further reduction 
by the formation of the magnesium complex (Ph-CH,°O-MgX), thereby consuming yet 
another mol. of the Grignard reagent. Finally, the transient existence of the free benzyl 
radical finds strong support in the isolation, on cleavage of 4-methoxydibenzyl ether, of 
considerable amounts of 4: 4’-dimethoxydibenzyl. The coupling of such radicals with 
atomic hydrogen (step 4) requires no comment. 

The above mechanism is thus well substantiated by both analogy and experimental 
evidence,* which, nevertheless, do not exclude the alternative mechanism postulated for 
the cleavage of diphenyl ethers, involving direct reduction by hydrogen atoms. Evidence 
against the latter mechanism has, however, been found in the cleavage of a substituted 
ether, viz., benzyl p-diphenylylmethyl ether, as described below. 

If the mechanism now proposed is operative, cleavage of a monosubstituted dibenzyl 
ether R-C,H,-CH,°O-CH,Ph would be expected to take one or both of two courses: (a) via the 


* Added, July 29th, 1957.—Further evidence has recently been provided by the generation of the 
radical -CHMe-OEt from diethyl ether by the Grignard reagent-cobaltous chloride mixture (Norman 
and Waters, J., 1957, 950). 


* Evans and Braithwaite, ]. Amer. Chem. Soc., 1939, 61, 898; Evans, Pearson, and Braithwaite, 
ibid., 1941, 68, 2574. 

7 Cf., e.g., Kharasch, McBay, and Urry, J. Org. Chem., 1945, 10, 401; Farmer and Moore, J., 1951, 
131; Huang and Kum-Tatt, J., 1954, 2570; 1955, 4229. 

® Rust, Seubold, and Vaughan, J. Amer. Chem. Soc., 1950, 72, 338. 

® Kharasch, Sayles, and Fields, ibid., 1944, 66, 481. 
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intermediate radical (II) to give a substituted benzyl alcohol and toluene, and (b) via the 
radical (III) giving benzyl alcohol and a substituted toluene, as follows: 
R°C,H,-CH-O-CH,Ph —— R-C,H,-CH,-OH + PhMe (II) 
R-C,H,-CH,-O-CH,Ph 
—~ R-C,H,°CH,O-CHPh: ——» Ph-CH,-OH + R-C,H,Me (III) 
Since the course of the reaction should depend on the relative stability of the intermediate 
radical (steric factors being absent), the radical (II) would be the sole or major inter- 
mediate if it is more stable than (III), i.e., if substituted phenyl has more stabilising effect 
than phenyl on the intermediate alkyl radical. Then R would appear in the benzyl 
alcohol produced. On the other hand, if hydrogen atoms effect cleavage in the same 
manner as in diphenyl] ether, dibenzyl ether might be cleaved in one of the following ways: 
eet __— PhCH, + PhCH,OH . . . . . « (a) 
“——™ PhMe+ Ph‘CH,O- . . . . . . . (6) 
Inasmuch as free benzyl is more resonance-stabilised than free benzyloxy, route (a) should 
be favoured. Cleavage of a monosubstituted dibenzyl ether should therefore proceed 
via the benzyl radical of greater stability, and if R has more stabilising effect on this radical 
than hydrogen, the substituent R would be found in the substituted toluene. 

A decision between the two mechanisms can therefore be made by studying the cleavage 
of a monosubstituted ether the stabilising effect of whose substituent group R is already 
known. One such substituent is the para-phenyl group, whose stabilising influence on 
the benzyl radical has been expressed in terms of resonance }® and exemplified among 
other things in its effect on the triarylmethyl radicals." Cleavage of benzyl p-diphenylyl- 
methyl ether gave a good yield of 4-phenylbenzyl alcohol. 

A probable mechanism having been established, it was possible to extend the study 
to five other dibenzyl ethers bearing substituents whose stabilising influences on the benzyl 
radical are less well known. When both directions of cleavage were taken, quantitative 
isolation of all four possible cleavage products proved infeasible, especially as some toluene 
was invariably lost (presumably volatilised by the evolution*® of large volumes of gas 
during the cleavage). However, since cleavage in general is not complicated by side 
reactions, the isolation of any one product in a yield greater that 50% is sufficient indication 
of the main course of the reaction. Purification and attempts at quantitative isolation 
were accordingly directed at the more abundant of the constituents, although identification 
of the minor products was also undertaken. In most of the cases studied, cleavage was 
found to take one course predominantly. 

The Grignard reagent of choice in previous studies ? was »-butylmagnesium bromide, 
which gave small quantities of octane (b. p. 126°) which could not be separated by distil- 
lation from the toluene produced (Bryce-Smith }* reports a similar inseparable mixture 
between octane and isopropylbenzene). isoPropylmagnesium bromide, found to be 
equally effective for the cleavage, was consequently employed throughout, the coupled 
product from this Grignard reagent, 2 : 3-dimethylbutane (b. p. 58°), being readily separated 
from toluene. 


EXPERIMENTAL 


Synthesis of Ethers.—The dibenzy] ethers (all néw compounds) listed in Table 1 were prepared 
from the sodio-derivative of benzyl alcohol (except for 4-methoxybenzyl ether, for which 
anisyl alcohol was used), and the appropriate benzyl halide. A typical preparation follows: 

p-Chlorobenzyl chloride (Eastman, 60 g., 0-38 mole) in benzyl alcohol (20 g.) was added to 


10 Pauling and Wheland, J]. Chem. Phys., 1933, 1, 362. 

11 Miiller, Miiller-Rodloff, and Bunge, Annalen, 1935, 520, 235; Marvel, Shackleton, Himel, and 
Whitson, J]. Amer. Chem. Soc., 1942, 64, 1824. 

12 Bryce-Smith, J., 1956, 1604. 
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a solution of sodium (12-2 g., 0-5 g.-atom) in benzyl alcohol (170 g., 1-5 moles) in about 15 min. 
with mixing. The mixture became warm and soon deposited sodium chloride. After 2 hours’ 
heating at 120° the solid was filtered off, and the filtrate poured on ice and extracted with ether. 
After being dried (MgSO,) the ether was distilled, and about two-thirds of the excess of benzyl 
alcohol was removed in vacuo. The residue was then distilled with a Vigreux column (benzyl 
alcohol co-distils with certain dibenzyl ethers, e.g., dibenzyl ether and 4-methoxydibenzyl 
ether, if a Vigreux column is not used) to give 4-chlorodibenzy] ether, b. p. 114°/0-1 mm. (68 g.). 


TABLE 1. Monosubstituted dibenzyl ethers, R-CgHCH,°O-CH,Ph. 
Yield Found (%) Required (%) 
R Ar-CH,X (%) B.p.jmm. xa(temp.) C H Cl Formula C H (Cl 
FE ce PRC cciccccccece 80 107—108°/ 1-5608 (23°) 
0-3 
p-Cl = p-Cl-C, HCH, Cl 78 114°/0-1 1-5698 (20°) 72-2 5-5 15-3 C,,H,,;OCl 72-4 5-6 15-1 
p-Me_ »-Me-C,H,-CH,Br 73 110°/0-2 1-5558 (21°) 85:1 76 — CysHi¢ 84-9 7-6 
m-Me m-Me-C,H,-CH,Br 70 104°/0-3 1-5560 (22°) 84-8 7-55 — C,,;H,O 84976 — 
p-But -Bu+C,H,CH,Br 86 139—140°/ 1-5412 (23°) 85-3 8-7 — C,,.H,,O 85-1 8-7 — 
0-2 
p-Ph p-C,H,°C,H,-CH,Cl* 51 186—190°/ 1-6140 (23°) 87-7 6-7 — C,,.H,,0 87666 — 
0-2 
p-OMe Ph-CH,C ............... 59 146—147°/ 1-5625 (22°) 78-6 7°00 — C,,H,,O, 78:9 7-1 — 
0-4 
* Prepared as described by von Braun (Ber., 1933, 66, 1471). 


By this method, dibenzyl ether was obtained in 80% yield, having b. p. 107—108°/0-3 mm., 
n? 1-5608. Dehydration of benzyl-alcohol by Senderens’s method ™ gave a 60% yield of a 
product of b. p. 138—140°/5 mm., n? 1-5640. 

4-tert.-Butylbenzyl Bromide.*—Bromine (53 g.) was added during ca. 2 hr. to -tert.- 
butyltoluene (50 g.) at 140—150° under nitrogen. The product was kept in a desiccator over 
potassium hydroxide for 48 hr., then distilled, giving p-tert.-butylbenzyl bromide, b. p. 
80—84°/0-2 mm. (40 g.), n% 1-5453. 

Cleavage of Ethers.—General procedure (see Huang *). The ether (0-2 mole) was added to 
an approx. 1-5n-solution of isopropylmagnesium bromide (1 mole) in diethyl ether and vigorous 
stirring started. Anhydrous cobaltous chloride (0-5 mole) was then introduced in approx. 30 
portions during 3 hr., the mixture being cooled with an ice-water bath to ca. 15—20°. Ina 
few cases a sudden rise in temperature was noted after addition of about 0-2 mole of cobaltous 
chloride, causing gentle reflux of the solvent which subsided after 1 or 2 min. After addition 
was complete, stirring was continued for } hr. at ca. 28°, water (ca. 20 c.c.) being then cautiously 
added. Next day the mixture was poured on ice and dilute hydrochloric acid, and the product 
taken up in ether, washed with water, aqueous sodium hydrogen carbonate, and again with 
water, and dried (MgSO,) and the solvent removed through a fractionating column. The 
products were then isolated by fractional distillation or recrystallisation, and identified by 
b. p. and refractive index or m. p., elemental analysis, and preparation of derivatives. 

Benzyl p-Diphenylylmethyl Ether.—This ether (8-3 g., 0-3 mole), treated as above, gave 
4-phenylbenzyl alcohol, which crystallised from benzene—cyclohexane in plates, m. p. 91—95° 
(3-5 g., 0-019 mole), raised to m. p. 99—100° by further recrystallisations (Found: C, 84-5; 
H, 6-4; O, 8-9. C,,H,,O requires C, 84-75; H, 6-6; O, 8-7%). The a-naphthylurethane, needles 
from ligroin, melted at 126—127° (Found: C, 81-7; H, 5-3. C,gH,,O,N requires C, 81-6; 
H, 5-4%). Some ether (1 g.) was recovered. 

4-Methoxybenzyl Ether.—The cleavage products from this ether (45 g., 0-2 mole), fractionated 
through a 15-cm. Vigreux column, gave: (i) a forerun, b. p. 70—90° (bath)/100 mm. (0-6 g.); 
fractions (ii) b. p. 69—70°/100 mm. (7-6 g.); (iii) b. p. 40—42°/50 mm. (ca. 1—2 g.); (iv) b. p. 
88—90°/50 mm. (4-1 g.); (v) b. p. 38°/0-9 mm. (ca. 1 g.); (vi) b. p. 59—60°/0-9 mm. (2-3 g.). 
The fractionating column was then replaced by a Claisen head, and distillation continued to 


13 Senderens, Compt. rend., 1928, 188, 1073. 


44 Shirley, ‘‘ Preparation of Organic Intermediates,” Wiley & Sons, 1951, p. 62; cf. Shoesmith and 
Mackie, J., 1936, 300. 
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give (vii) material, b. p. 134—136°/0-9 mm., which partially crystallised (solid 3-1 g., liquid 
1-3 g.), and (viii) a dark residue (13 g.). 

The above fractions were then refractionated as follows. Fractions (i) and (ii) gave (a) a 
liquid, b. p. 54—62°/760 mm. (0-5 g.), probably mainly 2: 3-dimethylbutane (lit., b. p. 58°), 
and (b) toluene, b. p. 109—111°/760 mm. (6-3 g.), n??* 1-4925 (toluene has b. p. 111°, n?} 1-4946) 
(2 : 4-dinitro-derivative, m. p. and mixed m. p. 69—70°). The residue from this distillation 
was combined with fractions (iii)—(v) and again fractionated, giving more toluene, b. p.. 109— 
112°/760 mm. (1-0 g.), and a fraction, b. p. 175—176°/760 mm. (2-9 g.) n??* 1-5092. The last 
fraction on oxidation with alkaline potassium permanganate gave p-anisic acid, m. p. and 
mixed m. p. 183—185°, and was therefore p-methoxytoluene (lit.,15 b. p. 176°/760 mm.). 
Fraction (vi) together with the liquid from (vii) yielded more p-methoxytoluene (0-91 g.), nf 
1-5120, and benzy] alcohol, b. p. 46°/0-2 mm., 199°/755 mm. (1-3 g.), m2? 1-5431 (lit., b. p. 205°/760 
mm., % 1-5400). The solid from fraction (vii) crystallised from 95% ethanol in needles, m. p. 
126—127° (Found: C, 79-3; H, 7-4. Calc. for 4: 4’-dimethoxydibenzyl, C,,H,,0O,: C, 79-3; 
H, 7-4%). On demethylation with hydrobromic acid in acetic acid it gave 4: 4’-dihydroxy- 
dibenzyl, m. p. 200—201° (needles from benzene—cyclohexane). Richardson and Reid '* 
report m. p.s 125-7—127° and 198—199° respectively. Finally the residue (viii) (13 g.) was 
chromatographed on alumina, with benzene as eluant, to give more 4: 4’-dimethoxydibenzyl 
m. p. 124—127° (2-0 g.), and unchanged ether (4-4 g.), b. p. 141—144°/0-3 mm. Hence high- 
boiling material unaccounted for totalled 6 g. 

The main pure products isolated were: toluene (7-3 g., 0-081 mole), p-methoxytoluene 
(3-8 g., 0-031 mole), and 4: 4’-dimethoxydibenzyl (5-0 g., 0-021 mole). 

4-Chlorodibenzyl Ether—The cleavage products (from 41 g., 0-17 mole, of the ether) on 
fractionation as described above yielded: (i) toluene (5-0 g., 0-054 mole) ; (ii) mixtures of p-chloro- 
toluene and benzyl alcohol; (iii) 4-chlorobenzyl alcohol, b. p. 62—74°/0-2 mm., needles (from 
benzene), m. p. 71—72° (11-1 g., 0-078 mole) (Mettler 1? reports m. p. 73°) (Found: Cl, 24-3. 
Calc. for C,H,OCI: Cl 24-65%); (iv) unchanged ether (11-2 g.); and (v) a dark residue (4-1 g.). 
Chromatography of the residue gave negligible quantities of a solid, m. p. 180—195°, which 
could not be identified. 

4-Methyldibenzyl Ether.—This ether (46-5 g., 0-21 mole) on cleavage gave: (i) toluene, b. p. 
56—60°/100 mm., 109—111°/760 mm. (9-3 g., 0-10 mole), n2** 1-4925; (ii) mixtures of toluene 
and p-xylene, and of benzyl alcohol and 4-methylbenzyl alcohol; (iii) 4-methylbenzyl alcohol, 
m. p. 55—59° (18-9 g.), raised to 59—60° by recrystallisation from light petroleum (b. p. 60—80°) 
(lit., m. p. 60°) (Found: C, 78-6; H, 8-3. Calc. for C,H,,O: C, 78-7; H, 8-2%) [3: 5-dinitro- 
benzoate (from 95% ethanol), m. p. 117° (lit., 117—118°)]; and (iv) unchanged ether 
(1 g.). 

3-Methyldibenzyl Ether —The products from the cleavage of 3-methyldibenzyl ether (37-7 g., 
0-17 mole) were fractionally distilled to give: (i) toluene (5-05 g. 0-055 mole); (ii) a mixture of 
toluene and m-xylene and possibly benzyl alcohol; (iii) 3-methylbenzyl alcohol, b. p. 
69—70°/0-4 mm., 218—219°/759 mm. (13-8 g., 0-11 mole), n?* 1-5329 (Found: C, 78-1; H, 
8-1%) (a«-naphthylurethane, m. p. 117—118° after repeated recrystailisation from light 
petroleum) (lit.,45 b. p. 217°/760 mm.; m. p. 117°, respectively); (iv) unchanged ether (5-8 
g.); and (v) an undistillable residue (1-1 g.). 

4-tert.-Butyldibenzyl Ether —The product from cleavage of this ether (30-3 g., 0-12 mole) on 
distillation gave only toluene (3-5 g., 0-038 mole) and 4-tert.-butylbenzy] alcohol, b. p. 87—88°/0-3 
mm., 236—238°/761 mm. (14-8 g., 0-090 mole), »?? 1-5170 (Found: C, 80-7; H, 9-7. Calc. for 
C,,H,,0: C, 80-5; H, 9-75%) («-naphthylurethane, m. p. 160°), there being practically no 
residue. Verley '* reports b. p. 140°/20 mm. and Wender ef al.!® give m. p. 159—160°, 
respectively. 

Reduction of Benzaldehyde.—Benzaldehyde (redistilled, 24 g., 0:23 mole) in ether (ca. 25 c.c.) 
was added in 10 portions during 2} hr. to isopropylmagnesium bromide (0-46 mole) in diethyl 
ether (400 c.c.), each portion being immediately followed by cobaltous chloride (ca. 3 g. each 
time, total 0-23 mole). The product was worked up as usual and distilled, giving benzyl 


18 Shriner and Fuson, “ Identification of Organic Compounds,” Wiley & Sons, 1948. 
16 Richardson and Reid, J. Amer. Chem. Soc., 1940, 62, 413. 

17 Mettler, Ber., 1905, 38, 1750. 

18 Verley, Bull. Soc. chim. France, 1898, 19, 68. 

'® Wender, Greenfield, Metlin, and Orchin, J]. Amer. Chem. Soc., 1952, '74, 4079. 
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alcohol, b. p. 56—58°/0-5 mm., 208°/760 mm. (9-5 g.) [«-naphthylurethane, m. p. 130—131° 
(lit.,25 m. p. 134°)]. 


DISCUSSION 


The results of cleavage experiments are given in Table 2, the yields of products being 
calculated on the ethers actually cleaved. Except for 4-methoxydibenzyl ether, cleavage 
in every case gave a high yield of the substituted benzyl alcohol, with formation of little 
or no by-product or polymer. In the case of 4-methoxydibenzyl ether a 48% yield of 
toluene was obtained against 43% of p-methoxytoluene. Since loss of toluene was observed 


TABLE 2. Cleavage of dibenzyl ethers, R‘CgHyCH,°O-CH,Ph. 


Products Products 
eS A ——. ———= - aE —S 
Cleavage R-C,H,CH,OH PhMe Cleavage R-C,H,CH,OH PhMe 
R (%) (%) (%) R (%) (%) (%) 
} eeeneere 100 73 55 p-But ... ~100 75 32 
p-Ph ... 88 71 — p-Cl...... 73 61 39 
p-Me ... 98 71 48 p-Ow.c * 87 — 48 
m-Me ... 85 73 37 


* From this ether the products isolated were toluene (48%), ~-methoxytoluene (18%), and 
4: 4’-dimethoxydibenzyl corresponding to a further yield (25%) of p-methoxytoluene (total 43%). 


in every other case, it seems probable that the quantity of toluene formed was actually 
somewhat more than 48%, and so this ether was cleaved in the same direction as the other 
substituted ethers. Nevertheless, the directive effect of the #-methoxy-group appears 
to be the least decisive of all the substituents studied. 

The conclusion is therefore reached that, of the substituents investigated, all influence 
the cleavage in the same manner, and hence it follows, if the above mechanism of cleavage 
be accepted, that all these substituents stabilise the benzyl radical with respect to hydrogen. 
It is noted that these are substituents capable of either (a) supplying electrons (alkyl 
groups) or (6) supplying and withdrawing electrons (Ph, Cl, OMe), operating by a purely 
inductive mechanism in some cases, and by a combination of inductive and mesomeric 
mechanisms in others. (A third type of substituents, that of a purely electron-with- 
drawing nature such as the nitro-group, cannot be studied by this method.?) In ionic 
reactions their diverse effects on the course and rate of reactions are well known, and this 
apparent lack of specificity when applied to homolytic reactions is reminiscent of the 
influence they exert on the benzene ring towards substitution by free radicals, recently 
investigated mainly by Hey and his co-workers.2® In contrast to conclusions reached 
with regard to the aryloxy-radicals therefore, our findings so far concerning the benzyl 
radicals do not appear to corroborate Ingold’s early theory. However, as further study 
is in progress, a fuller discussion is deferred. 


The authors are much indebted to Professor C. K. Ingold, F.R.S., for a helpful discussion. 
UNIVERSITY OF MALAYA, SINGAPORE. [Received, May 6th, 1957.] 


2° Hey, Pengilly, and Williams, J., 1956, 1463 (and earlier papers). 
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792. The Periodate Oxidation of Some Thioacetals and Sulphones. 
By L. Houcu and Manmoup I. Tana. 


Evidence has been obtained for the cleavage by periodate oxidation of the 
linkage between adjacent carbon atoms carrying respectively an ethyl thio- 
acetal group and a hydroxy-, amino-, or acetamido-function. The diethyl 
dithioacetals of acetaldehyde and 2-deoxy-p-arabinohexose are similarly split 
giving methanol and formaldehyde respectively from C;,.,. Oxidation of 
p-galactose dibenzy]l dithioacetal afforded dibenzylthioacetaldehyde. 


SULPHUR derivatives of carbohydrates show abnormal behaviour towards oxidation with 
periodate.* Thus Okui® found that ethyl thioglycosides and aldose diethyl dithio- 
acetals always consume more periodate than that required by the Malaprade reaction, the 
quantity varying with the concentration of oxidant. The over-consumption of the 
reagent is generally attributed }* to the oxidation of the sulphur atoms to sulphoxides and 
sulphones. However, our previous results provided evidence for the periodate oxidation, 
at room temperature and in the dark, of certain compounds containing an «-hydroxy-8- 
thioalkyl structure [*CH(OH)-CHSR:] in a way similar to that of glycols or a-hydroxy-- 
amino-derivatives, since 2: 2-diethylthioethanol (glycollaldehyde diethyl dithioacetal) 
rapidly consumed 1 mol. of the oxidant with the simultaneous liberation of 1 mol. of 
formaldehyde, and D-galactose diethyl dithioacetal (I; R = Et) readily consumed 5 mol. 
of periodate liberating 4 equivalents of titratable acid and 1 mol. of formaldehyde. Under 
the same conditions, 2-amino-2-deoxy-D-glucose diethyl dithioacetal hydrochloride and its 
N-acetyl derivative rapidly consumed 6 mol. of periodate each, with the formation of 3 and 
4 mol. of titratable acid respectively and 1 mol. of formaldehyde, thus suggesting that 
a-amino-$-thioalkyl and «a-acetamido-§-thioalkyl groups are attacked by periodate. 
Comparison of the uptake of periodate by methyl 2-acetamido-2-deoxy-«-D-glucopyranoside 
and the «- and the 8-isomer of 2-acetamido-2-deoxy-pD-glucopyranosylthioethane support 
this conclusion.* Furthermore, 2-acetamido-3 : 4 : 5 : 6-tetra-O-acetyl-2-deoxy-pD-glucose 
diethyl dithioacetal and 2-acetamido-l-acetoxy-l-ethylthioethane > rapidly consumed 
1 mol. of periodate, whereas 2 : 3: 4: 5 : 6-penta-O-acetyl-p-galactose diethyl dithioacetal 
was only slowly oxidised. Participation of sulphur in these reactions was confirmed by 
the resistance of 2-acetamido-l-acetoxyethane > and 2-acetamidoethanol to periodate 


oxidation. 
H(SR), 
CH(SR), 
H——OH 
| HO (II) 
HO—'—H 4 
—P 
HO——H 3 HCO,H 
H——OH + 
| HCHO 
(I) CH,-OH 


When p-galactose dibenzyl dithioacetal (I; R = CH,Ph) was treated with 5 mol. of 
sodium metaperiodate at room temperature, a chloroform extract gave, in high yield, a 
crystalline product identified as dibenzylthioacetaldehyde (II; R = CH,Ph). That this 
aldehyde was associated in chloroform was indicated by molecular-weight estimation in 
that solvent by Menzies and Wright’s method.* This compound (II; R = CH,Ph) was 


1 Nicolet and Shinn, J. Biol. Chem., 1942, 142, 139. 

* Bonner and Drisko, J. Amer. Chem. Soc., 1951, 73, 3699. 

3 Okui, J. Pharm. Soc. Japan, 1955, 75, 1262. 

* Hough and Taha, /J., 1956, 2042. 

5 Idem, J., 1957, 3311. 

* Menzies and Wright, J. Amer. Chem. Soc., 1921, 43, 2309, 2314. 
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surprisingly stable to periodate oxidation. In agreement with this observation, D-galactose 
dibenzyl dithioacetal (I; R = CH,Ph) rapidly consumed 4 mol. of periodate, whereas 
under the same conditions the diethy! dithioacetal (I; R = Et) consumed 5. In contrast 
lead tetra-acetate in glacial acetic acid oxidises dibenzyl dithioacetals faster than 
diethyl dithioacetals ** although it is clear from the periodate oxidations that the 
mechanisms are different. 

Okui ® reported that 2-deoxy-p-arabinohexose (2-deoxy-D-glucose) diethyl dithioacetal 
(III; R = SEt) consumed 5—7 mol. of periodate (according to the concentration of the 
oxidant), liberating 3 mol. of titratable acid. He suggested that the products were 1 mol. of 
formaldehyde, 2 of formic acid, and 1 of the disulphone (IV; R =SO,Et) which he 
incorrectly assumed would titrate as a monobasic acid. In agreement we found that the 
dithioacetal (III; R = SEt) consumed 6 mol. of periodate liberating 3 equiv. of acid, but 
2 mol. of formaldehyde were also formed. Okui’s conclusion therefore requires modific- 
ation since during this oxidation fission of the C,,;-C;,) bond occurred with oxidation of the 





CHR, CHR, CH,OH CH,O 
— ee | a + 
H—'—H H—'—H CHO 
HCO,H 
HO——H CHO (IV) (V) 
H——OH , we 
2 HCO,H 
(III) HOH +. 
CH,-OH CH,O 


methylene group to formaldehyde. Presumably oxidative cleavage of the Cq)-C,.) bond 
of the dithioacetal (III; R = SEt) gives rise to glycollaldehyde (V) which would be further 
oxidised to 1 mol. each of formaldehyde and formic acid. This view gains considerable 
support from the fact that acetaldehyde diethyl dithioacetal readily consumed 2 mol. of 
periodate with formation of about 1 mol. of methanol. Under the same conditions, 1 : 1- 
diethylsulphonylethane was not oxidised. Oxidation of 1 : 1-diethylsulphonyl-D-arabo- 
3: 4:5: 6-tetrahydroxyhexane (III; R =SO,Et) with sodium metaperiodate (3 mol. 
consumed) gave as expected 1 mol. of formaldehyde and 2 equivalents of titratable acid, thus 


invalidating the suggestion that the aldehydo-disulphone (IV; R = SO,Et) would titrate 
as a monobasic acid. 


EXPERIMENTAL 

Paper chromatography was on Whatman No. 1 filter paper by the descending method with 
ethyl acetate—acetic acid—water (9 : 2: 2 v/v) as mobile phase. The separated substances were 
detected with a ca. 4% solution of silver nitrate containing excess of ammonia. Solutions were 
evaporated under reduced pressure. 

2-Acetamidoethanol.—Acetic anhydride (50 ml.) was added dropwise to 2-aminoethanol 
(5 g.) at 0° with shaking. After 4 hr. at room temperature the mixture was concentrated to a 
yellow syrup (ca. 8 g.) which slowly crystallised at 0°. After two recrystallisations from acetone 
the N-acetyl derivative had m. p. 8° (approx.) (Found: C, 46-7; H, 8-6; N, 13-9; Ac, 43-4. 
C,H,O.N requires C, 46-6; H, 8-7; N, 13-6; Ac, 41-7%). The compound did not give a colour 
with ninhydrin or react with nitrous acid. 

D-Galactose Dibenzyl Dithioacetal_—p-Galactose (15 g.) was shaken with toluene-w-thiol 
(25 g.) and concentrated hydrochloric acid (50 ml.) for 2hr. The product (35 g.) had m. p. 138°, 
Ry 0-91, after 2 crystallisations from aqueous acetone. 

Dibenzylthioacetaldehyde.—Sodium metaperiodate (5 g.) in water (100 ml.) was added with 
stirring to a suspension of D-galactose dibenzyl dithioacetal (5 g.) in water (500 ml.) at 0°. 
After 3 hr. the oily product was extracted with chloroform (100 ml.), washed with 1% sodium 
thiosulphate solution (2 x 100 ml.), and then with water, dried (MgSO,), and concentrated to a 
syrup (3 g.), which slowly crystallised at 0°. Dibenzylthioacetaldehyde formed needles (from 

7 Baker, J. Amer. Chem. Soc., 1952, 74, 827. 

® Bourne, Corbett, Stacey, and Stephens, Chem. and Ind., 1954, 106. 
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methanol), m. p. 73° (Found: C, 66-8; H, 5-8; S, 230%; M,410. C,,H,,OS, requires C, 66-7; 
H, 5-56; S, 22-39%; M, 288). 

The 2: 4-dinitrophenylhydrazone was prepared by heating the aldehyde (0-5 g.) and 2: 4- 
dinitrophenylhydrazine (0-5 g.) in ethanol (50 ml.) under reflux for 5 min., after which the 
mixture was cooled and concentrated hydrochloric acid (ca. 3 ml.) added. The product 
(ca. 1 g.) formed needles (from ethanol), m. p. 87° (Found: C, 56-3; H, 5-0; N, 12-2; S, 13-1. 
C.2.H.,O,N,S, requires C, 56-4; H, 4-3; N, 11-95; S, 13-7%). 

Acetaldehyde Diethyl Dithioacetal_—A mixture of acetaldehyde (ca. 2 g.), concentrated hydro- 
chloric acid (20 ml.), and ethanethiol (ca. 10 ml.) was shaken for 24 hr. and then diluted with 
water (ca. 200 ml.), and the product extracted with ether (3 x 50 ml.). The combined extracts 
were washed with sodium hydrogen carbonate solution (3 x 50 ml.) and water, and dried 
(MgSO,). Concentration gave the thioacetal as an oil (ca. 5 g.), b. p. 180° (bath temp.)/15 mm. 
(Found: S, 43-7. Calc. for C,H,,S,: S, 42-6%). 

1 : 1-Diethylsulphonylethane.—The diethyl dithioacetal (2-0 g.) in methanol (20 ml.) was 
cooled to —10° (acetone-solid carbon dioxide) and an excess of cold aqueous peroxypropionic 
acid ® (150% of theory for 4 mol., based on propionic anhydride) was added with shaking. 
After 1 hr. at room temperature the solution was concentrated yielding crystals (ca. 2-2 g.), 
m. p. 64—65° [from ether-light petroleum (b. p. 40—60°)] (Found: C, 33-9; H, 6-9; S, 27-0. 
Calc. for C,H,,0,S,: C, 33-7; H, 6-5; S, 29-9%). 

2-Deoxy-p-glucose Diethyl Dithioacetal_—2-Deoxy-p-glucose (0-8 g.) was shaken overnight 
with concentrated hydrochloric acid (ca. 5 ml.) and ethanethiol (ca. 2 ml.). The solution was 
diluted with ethanol (50 ml.), neutralised with lead carbonate, and the insoluble lead salts 
filtered off and washed with ethanol (20 ml.). Concentration of the combined filtrate and 
washings yielded a syrup (0-5 g.) which slowly crystallised. Recrystallisation from acetone— 
ether gave needles, m. p. 132°, [a]? —8-8° (c, 2-5 in MeOH) (Found: C, 44-3; H, 7-9; S, 22-95. 
Calc. for C,»H,,0,S,: C, 44-5; H, 8-1; S, 23-7%). Hughes, Overend, and Stacey ” record m. p. 
133-5°, [a] 2—10° (in MeOH). 

1 : 1-Diethylsulphonyl-p-arabo-3 : 4: 5 : 6-tetrahydroxyhexane.—Oxidation of the dithio- 
acetal (0-2 g.) gave the sulphone (0-22 g.), m. p. 162—163°, [a]? + 27-2° (c, 1-36 in H,O) [from 
acetone—light petroleum (b. p. 40—60°)] (Found: C, 35-6; H, 6-6; S, 18-6. C, )H,,0,S, requires 
C, 35-9; H, 6-6; S, 19-2%). 

Peviodate Oxidation Experiments.—(i) Estimation of the uptake of periodate and of acid 
liberated. In each case, 0-3M-aqueous sodium metaperiodate (5 ml.) was added to the com- 
pound (25—30 mg. accurately weighed) in water or ethanol (15 ml.), and the solution made up 
to 25 ml. with water and stored in the dark. A blank was worked concurrently. At intervals, 
samples (2 ml.) were transferred into mixtures of phosphate buffer (pH 6-98; 25 ml.) and 20% 
potassium iodide solution (1 ml.), and the liberated iodine titrated (starch indicator) with 
0-01N-sodium thiosulphate solution. Acid liberated during the oxidation was determined in 
samples (2 ml.) by adding ethylene glycol (1 ml.) and, after 10 min., titrating them with 0-01N- 
sodium hydroxide with methyl-red, screened with methylene-blue as indicator. 

(ii) Estimation '* of formaldehyde liberated. Sodium metaperiodate (0-015m) in sulphuric 
acid (0-045N) was mixed with an equal volume of N-sodium hydrogen carbonate. The solution 
(5 ml.) was added to the compound to be oxidised (ca. 0-5 mg., accurately weighed) in water 
(5 ml.) and the mixture set aside in the dark at room temperature. After 24 hr., a portion 
(1 ml.) was pipetted into a centrifuge tube containing lead dithionate solution (10% in water; 
1 ml.). After mixing and centrifugation a portion (1 ml.) of the supernatant liquor was placed 
in a second tube (50 ml.). Chromotropic acid reagent [10 ml.; sodium salt (1 g.) in 55% 
sulphuric acid (600 ml.)] was added; this and all further operations were carried out away from 
direct light. After 30 min., lead sulphate was removed on the centrifuge and the supernatant 
liquor heated for 30 min. (boiling-water bath) and then diluted. to 30 ml. with water. The 
absorption at 570 my was read on a colorimeter (E.E.L. filter 626). The formaldehyde liberated 
from known amounts of D-glucose was used for the preparation of the standard curve. 

(iii) Characterisation 1* of methanol liberated from the oxidation of acetaldehyde diethyl dithio- 
acetal. A mixture of 0-3M-aqueous sodium periodate (5 ml.) and acetaldehyde diethyl dithio- 
acetal (0-1 g.) in water (5 ml.) was stored in the dark for 2hr. Pyridine (1 ml.), benzene (1 ml.), 





* Hough and Taylor, J., 1955, 1212. 
1° Hughes, Overend, and Stacey, J., 1949, 2846. 
1! O'Dea and Gibbons, Biochem. J., 1953, 55, 580. 
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Results of periodate oxidations. 


Compound $hr. lL hr. 2 hr. 3 hr. 4 hr. 9 hr. CH,O * 
p-Galactose dibenzyl dithioacetal ® .............+0++- uptake* — 31 34 38 40 4-5 — 
Acetaldehyde diethyl dithioacetal ® ..........+.00++. (wey of as ar ae ae 

. - . ° - 92 . 
2-Deoxy-p-glucose diethyl dithioacetal® ......... SS tive 
1 : 1-Diethylsulphonyl-p-arabo-3 : 4 : 5: 6-tetra- — 31 31 31 31 315 33 

rCeOOR®” occ cccesconccocccscvecssosscscscccosces acid 17 190 21 21 Zl 21 
2-Amino-2-deoxy-D-glucose diethyl memencen, ~~ am 5-1 5&7 5&9 597 61 6-35 
WyGrOCdboshde®  cccoccccccdecccccsonsccoocoscssossosses acid 316 35 3°55 3-6 3-77 3-94 
2-Acetamido-2-deoxy-3 : 4: 5 : 6-tetra-O-acetyl- (a 0-82 0-89 1-06 1-17 1-2 1-22. nil 
D-glucose diethyl dithioacetal ® ..........sseeeeee acid 00 00 00 00 00 00 
‘ ; Gs ee : uptake 06 0-91 10 IL-1 1:14 1-17 nil 
2-Acetamido-l-acetoxy-l-ethylthioethane* ...... {Pi 0-0 00 00 00 00 0-0 


* Mol. *In aqueous ethanol. ° In water. 


and anhydrous potassium carbonate (ca. 100 g. in small portions) were added at 0° followed by 

5-dinitrobenzoyl chloride (0-5 g.) in benzene (2 ml.). After 3 min., the 3: 5-dinitrobenzoate 
was extracted with sodium-dried ether (3 x 30 ml.), the combined extracts dried (K,CO,) and 
concentrated, and the crystalline product (0-2 g.) recrystallised twice from ether-—light petroleum 
(b. p. 40—60°). It had m. p. and mixed m. p. 108° (Found: N, 12-1. Calc. for C,H,N,O,: 
N, 12-4%). An X-ray powder photograph \ was identical with that of an authentic specimen of 
methyl 3 : 5-dinitrobenzoate. 


THE UNIVERSITY, BRISTOL. (Received, May 6th, 1957.) 
12 Holley and Holley, Analyt. Chem., 1952, 24, 216. 





793. The Reactions of Some 1: 4-Dicarbonyl Systems with 
Hydrazine. 
By W. L. Mossy. 


3: 4-Diacetylhexane-2 : 5-dione and hydrazine yield pyrazole derivatives, 
whereas diacetylsuccinic ester gives both pyrazolinones and pyridazines. 


3 : 4-Diacetylhexane-2 : 5-dione.—Nothing appears to have been reported concerning the 
reaction of 3 : 4-diacetylhexane-2 : 5-dione* (I) with hydrazine, although tetrabenzoyl- 
ethane and its derivatives were reported ? to give both 5- and 6-membered cyclic systems 
and hexane-2 : 5-dione. yields* a mixture of 1:2- and 1: 4-dihydro-3 : 6-dimethyl- 
pyridazines. The reaction of compound (I) with 2 mols. of hydrazine might, a priori, 
give either compound (II) or (III) (or a tautomer), whereas with 1 mol. of hydrazine 
either compound (IV) or (V) (or a tautomer) could result. 

In our hands, diacetylhexanedione and an excess of hydrazine gave product (III), 
whilst with a single equivalent of hydrazine compound (V) was formed. The structures 
were assigned after a comparison of the ultraviolet spectra of the compounds with those of 
the tetraketone (I) and of 3 : 5-dimethylpyrazole * (see Fig. 1). The spectrum of hexane- 
2 : 5-dione (not shown) possesses two maxima (226 and 271 my) at much lower intensities 
(log ¢ 2-01 and 1-59, respectively). Further, the spectrum of the diester (XIX) (see below) 
corresponding to the diacetyl structure (IV), was quite dissimilar to that of product (V). 

The dipyrazolyl (III) could not be dehydrogenated by treatment with nitric acid, 
mercuric acetate, lead tetra-acetate, or Tollens’s reagent. Removal of the two nuclear 
hydrogen atoms and introduction of the intercyclic double bond would require coplanarity 
of the whole system, a condition made difficult, if not impossible, by interference among 

Mulliken, Amer. Chem. J., 1893, 15, 523. 
Keller and Halban, Helv. Chim. Acta, 1944, 27, 1253. 


1 

2 

* Overberger, Byrd, and Mesrobian, ]. Amer. Chem. Soc., 1956, 78, 1961. 
* Rothenburg, Ber., 1894, 27, 1097. 
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the methyl groups. It is significant, in this connection, that tetrabenzoylethylene did not 
react with more than 1 mol. of hydrazine, and gave ? only a monopyrazolyl derivative. It 
was, however, possible to prepare NN’-diacyl derivatives of compound (III). In these 
derivatives the rings are, obviously, fixed in a true pyrazole configuration, and an 1so- 
pyrazole structure, such as might be envisaged for compound (III), is impossible. 


Me Me Me 
nA Sn ‘a Z COMe 
| | | 
Nw ZN Nw nie 
(II) Me Me Me n (IV) 
N— NH N—NH 
| MeOC OMe | 
Me 77 Me cH Me Z Me 
I 
. Me S Me Pot Pas 
MeOC COMe MeOC COMe 
(III) N—NH 


(I) (V) 


Dehydration of diacetylhexanedione was known?+5 to produce 3 : 4-diacetyl-2 : 5-di- 
methylfuran (VI), which was found to react with one equivalent of hydrazine to yield a 
product for which structures (VII) (monohydrate) and (VIII) (or a tautomer) were 
considered. The infrared spectrum of the product showed no carbonyl absorption, but a 
strong band in the 3 » region confirmed the suspicion of a hydrated structure. The prepar- 
ation of a non-hydrated monopicrate further supports structure (VII).* The tetraphenyl 
analogue of (VII) is known,? but unfortunately its ultraviolet spectrum was not shown. 
However, considerable resemblance between the shape of the curve of compound (VII) 
(see Fig. 2) and that of 1 : 3-diphenylésobenzofuran * may be noted. 

With 2 mols. of hydrazine, compound (VI) [or (VII) with a second mol. of hydrazine] 
yielded a product (C,9)H,,N,) thought to have either structure (IX) or (X) (or a tautomer). 
The ultraviolet (see Fig. 2) and infrared spectra were inconclusive, although the similarity 
of the former to that of the furanopyridazine (VII) might be taken as evidence in favour of 
structure (IX). Treatment of the product with nitrous acid gave a deamino-derivative, 





Me Je Me x 
= NN => N 
fe) Bata XX HAN-N | 
=\ ZN Me COMe aN ZN 
(VII) Me 


e > Me Me (IX) 
12) sy 
Me cOMe : CL ; 
HN* SS Me COMe HN “w 
| . 
HN. 4 (V1) HN. ~zA ZN 
COMe 


(Vill) Me Me Me (X) 


and as N-aminopyrroles are known ® thus to be deaminated, this was taken as evidence 
in favour of structure (IX). 


* Bradley and Watkinson * treated diacetyldimethylfuran in acetic acid with hydrazine and obtained 
a product of the same empirical formula, m. p. 136—140° (decomp.) [the monohydrate of (VII) has an 
instantaneous m. p. of 144°]. They consider their product to be the monohydrazone of (VI),-but in 
the absence of evidence to the contrary it seems probable that their product is also the hydrate of (VII). 


5 Zanetti, Gazzetta, 1893, 23, 307. 

* Bradley and Watkinson, /., 1956, 319. 

7 Adams and Gold, J. Amer. Chem. Soc., 1940, 62, 2038. 
8 Biilow and Klemann, Ber., 1907, 40, 4749. 
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Efforts to prepare other derivatives of the C,gH,,N, product were, for the most part, 
' unsuccessful. A monopicrate was easily formed, but reactions with acetic anhydride, 
‘ benzoic anhydride, benzoyl chloride, toluene-f-sulphonyl chloride, benzaldehyde, and 
‘ phenyl isocyanate gave only oily yellow mixtures. The compound gave a precipitate with 
Tollens’s reagent, but was unchanged when heated with mercuric acetate in acetic acid or 
with palladium-charcoal in triethylbenzene; heating with sulphur caused decomposition 
and evolution of ammonia and hydrogen sulphide. 

Reaction of NN-dimethylhydrazine with the furopyridazine was attempted, since it 
could yield only a product of type (IX) and not (X). The furanopyridazine failed to react, 


Fic. l. Fic. 2. 
Ono 


40Fr “" 
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4 Wavelength (my) Wavelength (mp) 
1) Fic. 1. 3: 4-Diacetylhexane-2 : 5-dione (I) (-—-—); 3: 5-dimethylpyrazole (. . .); 3:5: 3’: 5’-tetra- 
methyldipyrazol-4-yl (III) (—-—); 3-(3: 5-dimethylpyrazol-4-yl)pentane-2 : 4-dione (V) ( an 
™ NN’-dibenzoyl derivative of (III) (— O —). (All in EtOH.) 
). Fic. 2. 1: 4:5: 7-Tetramethylfuro[3 : 4-d)pyridazine (VII) (in EtOH) (—+-—); 6-amino-1: 4:5: 7- 
‘ tetramethylpyrrolo[3 : 4-d)pyridazine (IX) (in EtOH) ( ); 6-benzamido-1 : 4: 5 : 7-tetramethyl- 
ty pyrrolo[3 : 4-d)pyridazine (XII) (in MeOH) (— O—); 1:4:5: 7-tetramethyl-6H-pyrrolo[3 : 4-d]- 
of pyvidazine (in MeOH) (--—-). 
e, 
however, which is surprising in view of its ready reaction with hydrazine and the fact that 
dimethylhydrazine reacts normally with a number of carbonyl compounds (although not 
with diacetylhexanedione or with diacetylsuccinic ester). 

It is noteworthy that the same product C,,H,)N, was obtained from the reaction of 
diacetylhexanedione with hydrazine in hot acetic acid. As it was known *" that 1: 4- 
diketones react with benzhydrazide to yield N-benzamidopyrroles, compound (I) was 
similarly treated, and the two products thereby obtained were, upon the basis of spectra 
and elemental analysis, assigned structures (XI) and (XII). The ultraviolet spectrum of 

Me 
Me Me 
~~ COMe ~~ Sw 
ice (Il) —>  Bz-NH-N — > Bz-‘NH-N | 
Me COMe Me 4 
(X1) (XII) . 
1ed 
“ compound (X1]) is quite similar (see Fig. 3) to those of the esters (XIV) and (XV) (see p. 4000), 
(I). showing with respect to the curve of the latter a bathochromic shift similar to that shown 

® Biilow, Ber., 1902, 35, 4311. 

10 Capuano, Gazzetta, 1938, 68, 521. 

11 Yale, Losee, Martins, Holsing, Perry, and Bernstein, J. Amer. Chem. Soc., 1953, 75, 1933. 
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by the curve of the ketone (I) with respect to that of the ester (XIII). Efforts to 
debenzoylate the hydrazide (XI) gave only dibenzoylhydrazine, whilst treatment with 
hydrazine gave a 40% yield of compound (XII) and a 60% yield of dibenzoylhydrazine. 


Me 
‘ Me 
CH-CO,Et —S CO,Et 
| —> R-NH-N 
JCH-CO,Et = CO,Et (XIV): R=H 
e 
Me = (XIII) (XV) > R= Bz 


Diacetylsuccinic Ester.—This ester * (XIII) was used to prepare compounds (XIV) and 
(XV) by Biilow’s method ® (ultraviolet spectra, see Fig. 3). Although diethyl 2: 5-di- 
methylpyrrole-3 : 4-dicarboxylate is reported }* to react with hydrazine, compound (XIV) 


Fic, 3. Fic. 4, 


log é 

















. K 
1 n 1 ‘ n 1 
250 JOO 250 JOO 350 
Wavelength (my) Wavelength (m) 


Fic. 3. 3: 4-Diacetyl-2 : 5-dimethylfuran (V1) (in EtOH) (——); diethyl 1-amino-2 : 5-dimethylpyrrole- 
3 : 4-dicarboxylate (XIV) (in EtOH) (--—-); 3: 4-diacetyl-1-benzamido-2 : 5-dimethylpyrrole (X1) (in 
MeOH) (—-—); diethyl 1-benzamido-2 : 5-dimethylpyrrole-3 : 4-dicarboxylate (XV) (in MeOH) 
(— O —); diethyl diacetylsuccinate (XIII) («2 MeOH) (—x—x—-). 


Fic. 4. Diethyl 1 : 4-dihydro-3 : 6-dimethylpyridazine-4 : 5-dicarboxylate (XIX) (in EtOH) (—-—); 
3-methylpyrazolin-5-one (in EtOH) (— O —); 3: 3’-dimethyl-5 : 5’-dioxo-4 : 4’-dipyrazolinyl (XVII) 
(in EtOH containing a trace of N-NaOH) (—x—x—); dibenzoyl derivative of compound (XVII) (in 
MeOH) ( ); tetra-acetyl derivative of compound (XVII) (in MeOH) (--—-). 





was unchanged when boiled overnight with hydrazine in dimethylformamide. Further, it 
was not hydrolysed by brief treatment with boiling alcoholic potassium hydroxide. 

Curtius }# found that diacetylsuccinic ester reacted with 1 or 2 mols. of hydrazine to 
yield products which he formulated as (XVI) and (XVII), respectively. Re-investigation ® 
of these reactions showed that Curtius’s first product was converted into the second by 
reaction with 1 mol. of hydrazine, and this led Biilow * to assign structure (XVIII) instead 


* The so-called £-modification (m. p. 88—90°), evidently a diketo-form from its negative ferric 
chloride reaction, was used in this work. In an effort to utilize the oily congeners of the B-form, puri- 
fication by vacuum-distillation was attempted: the only pure product isolated, however, was ethyl 
4-acetyl-4 : 5-dihydro-2-methyl-5-oxofuran-3-carboxylate (“ isocarbopyrotritartaric ester,” m. p. 110°; 
strong blue colour reaction with ferric chloride) known } to result from the pyrolysis of diacetylsuccinic 
ester. 

12 Knorr and Haber, Ber.,.1894, 27, 1151. 

13 Seka and Preisecker, Monatsh., 1931, 57, 81. 

‘4 Curtius, J. prakt. Chem., 1894, 50, 508. 

4° Biilow, Ber., 1904, 37, 91. 
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of (XVII) to the second product. Seka and Preisecker,!* who also obtained this product 
from condensation of hydrazine with either diethyl diacetylsuscinate (XIII) or diethyl 
2 : 5-dimethylfuran-3 : 4-dicarboxylate, assigned the product structure (XVIII). 

The infrared spectrum of the dihydropyridazine ester *14:15 disclosed a strong -NH 
absorption at 3-1 » and two ester bands, at 5-83 and 5-93 u. Of the six possible tautomeric 
structures of this compound, three are excluded by the absence of an >NH group, and two 
others by the presence of but a single type of ester group. These results suggest that the 
ester has structure (XIX) rather than (XVI). The ultraviolet spectrum of the ester (see 





Me N—NH Me © 
N7~ CO,Et Me fe) “ vat 
Ny JCO,£t Nw NH 

: Me re) 

Me | Me Oo 
(XVI) a om (XVII) 
(XVI) 

N——NH OE oe 
Me 
Me ZA OBz Me 7 Ohc 
i? CO,Et 
HN_ CO,£t Me | 0Bz Me | SY) OAc 
Me N—NH N—NAc 
(XIX) (XX) (XX1) 





Fig. 4) had previously been measured,!* but was not reported in a convenient form. It is 
quite different from the spectrum of diethyl 3 : 6-dimethylpyridazine-4 : 5-dicarboxylate !” 
(Amax. 231, 240-5, 274 mu; log e 3-36, 3-25, 3-46), which resembles the curves 8 of some of 
the simpler substituted pyridazines. 

The ultraviolet spectra of Curtius’s second product (CgH,,0,N,), and of its dibenzoyl 
and tetra-acetyl derivatives, so closely resemble that of 3-methylpyrazolin-5-one (see 
Fig. 4), and are so dissimilar to the curves of the pyridazine derivatives that structure 
(XVII) is undoubtedly correct and not (XVIII). This conclusion was evidently also 
reached by Jones, although no evidence was presented. The infrared spectrum of the 
dibenzoyl derivative of compound (XVII) shows an >NH absorption at 3-18 u and an ester 
band at 5-69 », but no amide absorption, so the dibenzoyl derivative is formulated as (XX) 
(or its tautomer) and the tetra-acetyl derivative as (X XI). 


EXPERIMENTAL 


M. p.s were taken in Pyrex capillaries, in a Hershberg m. p. apparatus (Ace Scientific Co.) 
with Anschiitz thermometers. The ultraviolet spectra were measured with a Cary auto- 
matic recording spectrophotometer (Model 10). 

3: 4-Diacetylhexane-2 : 5-dione (I).—Pentane-2: 4-dione (b. p. 133—134°; 200 g.) was 
added, under nitrogen, during 6 hr., to a stirred slurry of sodium hydride (48 g.) and ether 
(1500 ml.). More ether (approx. 2 1.) was then added and the mixture heated so that ether 
extracted iodine (254 g.) from a thimble placed below the condenser. The cooled slurry was 
filtered, and the solid was washed and crystallized from acetic acid. The ketone (139 g., 70-2%) 
recrystallized from acetic acid in platelets, m. p. 189—-190° (lit.,1 m. p. 191°), Amax, 285 my (log 
e 3-71). 

3:5: 3’: 5’-Tetramethyldipyrazol-4-yl (III).—Diacetylhexanedione (I) (19-8 g.) was added 

16 Korschun and Roll, Bull. Soc. chim. France, 1926, 39, 1223. 

17 Paal and Koch, Ber., 1903, 36, 2538. 

18 Eichenberger, Rometsch, and Druey, Helv. Chim. Acta, 1954, 37, 1298; Horning and Amstutz, 
J. Org. Chem., 1955, 20, 1069. 

19 Jones, J. Amer. Chem. Soc., 1956, 78, 159. 
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portionwise to 85% hydrazine hydrate (30 ml.) as rapidly as possible. The mixture was cooled 
and filtered, and the crystals were washed with ice-water. When a hot, clarified (charcoal) 
methanolic solution of the product was diluted with water, the dipyrazolyl crystallized (15-6 g., 
82%), m. p. 299—300°, Amax, 223 my (log « 3-84 (Found: C, 63-3; H, 7-1; N, 29-3. C, ,H,.N, 
requires C, 63-8; H, 6-4; N, 29-8%). The dinitrate was prepared from the base and 
concentrated nitric acid (Found: C, 37-7; H, 5-05; N, 26-9. C, 9H,.N,,2HNO, requires C, 
38-0; H, 5-1; N, 26-6%). The NN’-diacetyl derivative, obtained by the use of acetic anhydride 
and pyridine, crystallized from ligroin in white lozenges, m. p. 123-5—125-0°, Amax, 252 my (log 
e 4-40) (Found: C, 61-2; H, 6-6; N, 21-1; O, 11-4. C,,H,,O,N, requires C, 61-3; H, 6-6; N, 
20-4; O, 11-7%). The NN’-dibenzoyl derivative, prepared from (III), benzoyl chloride, and 
pyridine, after two crystallizations from cyclohexane-ligroin, melted at 126-0—128-5° and had 
Amax, 270 my (log e 4-65) (Four: C, 72-2; H, 5-6; N, 14-2; O, 8-3. C,,H,.O,N, requires C, 
72-4; H, 5-53; N, 14-1; O, 8-04%). 

3-(3 : 5-Dimethylpyrazol-4-yl)pentane-2 : 4-dione (V).—Hydrazine hydrate (0-6 ml.; 85% 
solution) was added dropwise to a stirred slurry of diacetylhexanedione (2-0 g.) and boiling 
ethanol (50 ml.). The clarified (charcoal) hot solution was evaporated in vacuo and the resulting 
oil crystallized. After trituration with water and drying, the crude diketone weighed 1:3 g. 
(65-5% yield). Crystallization from water gave 0-9 g. of colourless needles. On immersion at 
130° it melted at 134—140°; if immersed at lower temperatures, the compound decomposed 
gradually. Aqueous solutions give a deep red colour with ferric chloride. Amax, were 217 and 
285 my (log ¢ 3-59 and 3-97) (Found: C, 58-9; H, 7-4; N, 13-3. C,,9H,,O,N.,}H,O requires C, 
59-1; H, 7-4; N, 13-8%). 

1: 4:5: 7-Tetramethylfuro[3 : 4-d)pyridazine (VII).—85% Hydrazine hydrate (1-8 ml.) was 
added to a warm solution of 3 : 4-diacetyl-2 : 5-dimethylfuran 5 (VI) (6-0 g.) in ethanol (10 ml.), 
after which the solution was cooled and filtered and the solid was washed and dried. The pale 
yellow furopyridazine (4-2 g., 71-7%) crystallized from benzene in buff needles (2-7 g.). On 
immersion much below its m. p., it melts and decomposes over a range. The instantaneous 
m. p. is 144°, and Amax, are 235 (infl.), 272, and 337 my (log e 3-57, 3-52, and 3-60) (Found: C, 
61-8; H, 7-2; N, 14:9; O, 15-9. C,,H,,.ON,,H,O requires C, 61-8; H, 7:2; N, 14-4; O, 
16-5%). The picrate crystallized from methanol in yellow needles, m. p. 173-0—174-6° 
(Found: C, 47-7; H, 3-6; N, 18-0. C,,H,,O,N, requires C, 47-5; H, 3-6; N, 17-3%). 

6-Amino-1 : 4: 5: 7-tetramethylpyrrolo[3 : 4-d)pyridazine (IX).—85% MHydrazine hydrate 
(3-0 ml.) was added to a solution of 3: 4-diacetyl-4: 5-dimethylfuran (3-0 g.) in dimethyl- 
formamide (8 ml.), and the mixture was heated under reflux for 2 hr., then cooled and filtered. 
The amino-compound (IX) was washed with ethanol and dried, giving 3-1 g. (98-5%) of white 
crystals. Crystallization from water gave lozenges, m. p. 294—-295° if immersed at about 290° 
but decomposing slowly if put into a bath much below 290°, Amax. 229, 278, and 342 my (log 
e 4-48, 3-58, and 3-43) (Found: C, 63-5; H, 7-2; N, 29-7. C, 9H,,N, requires C, 63-2; H, 7-4; 
N, 29-5%). The solid and its neutral solutions fluoresce blue under ultraviolet light, while 
acidified solutions show a green-blue fluorescence. The picrate, after three recrystallizations 
from methanol, melted at 189-5—191-0° (Found: C, 45-7; H, 4-1; N, 22-9. C,,H,,0O,N, 
requires C, 45-9; H, 4-1; N, 23-4%). 

1: 4:5: 7-Tetramethyl-6H-pyrrolo[3 : 4-d]pyridazine.—A solution of sodium nitrite (350 mg.) 
in water (2 ml.) was added to a solution of the amino-compound (IX) (970 mg.) in glacial acetic 
acid (5 ml.) stirred at 5°. The mixture was then evaporated in vacuo; the residual oil was 
dissolved in ethanol and the solution was again evaporated in vacuo. A clarified (charcoal) 
solution in water (10 ml.) of the resulting yellow solid was basified with aqueous ammonia, 
whereupon 800 mg. of pale tan solid were precipitated. Two crystallizations from methanol 
gave nearly white pyrrolopyridazine, decomp. >300°, Amax. 225, 282, and 346 my (log « 4-55, 
3-73, and 3-43) (Found: C, 69-1; H, 7-4; N, 23-4. C,9H,,;N, requires C, 68-5; H, 7-4; N, 
24-0%). 

3: 4-Diacetyl-1-benzamido-2 : 5-dimethylpyrrole (XI).—A mixture of diacetylhexanedione 
(1-98 g.), benzhydrazide (1-36 g.), and acetic acid (5 ml.) was heated under reflux for 3 hr., then 
cooled and diluted with water. The solid was filtered off, washed, and dried (wt. 1-64 g.). 
Crystallization from methanol—water gave felted needles of the pyrrole (1-28 g.), m. p. 194-7— 
197-0° (recrystallization from ethyl acetate did not improve the m. p.), Amax, 230 and 265— 
276 my (log ¢ 4-36 and 3-83) (Found: C, 68-5; H, 5-5; N, 10-0; O, 15-6. C,,H,,0O,N, requires 
C, 68-5; H, 6-0; N, 9-4; O, 16-1%). 
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6-Benzamido-1: 4: 5: 7-tetramethylpyrrolo[3 : 4-d)pyridazine (XII).—A solution of the di- 
acetyl compound (XI) (1-20 g.) in ethanol (30 ml.) was heated under reflux with 85% hydrazine 
hydrate (0-50 ml.) for 4 hr. Most of the ethanol was then allowed to boil away, and the residue 
was cooled and filtered. The solid was washed with ethanol and dried, giving 1-10 g. of crude 
product, which was extracted with boiling nitromethane to remove 460 mg. of dibenzoyl- 
hydrazine (m. p. 241-0—241-8°), leaving 440 mg. (40-6%) of the yellow benzamido-compound 
(XII), m. p. 298-5—303-5°. After crystallization from methanol it had m. p. 303-5—305°, 
Amax. 232—246, 256, and 378 muy (log « 4-39, 4-43, and 3-30) (Found: C, 69-3; H, 6-05; N, 19-2; 
O, 5-6. C,,H,,ON, requires C, 69-4; H, 6-1; N, 19-1; O, 5-4%). 

This product was obtained in 32% yield by basification with ammonia of the mother-liquors 
from the preparation of the diacetylpyrrole (XII). 

Diethyl 1: 4-Dihydro-3 : 6-dimethylpyridazine-4 : 5-dicarboxylate (XIX).—This ester was 
prepared in 63% yield from diethyl diacetylsuccinate (2: 5-dioxohexane-3 : 4-dicarboxylate) 
(XIII) in essentially the manner described.* 14 Recrystallization from cyclohexane gave white 
needles, m. p. 70—71° (lit.,4* m. p. 68—69°), Amax, 210, 243, and 318 my (log e 3-74, 3-73, and 
3-75). 

3: 3’-Dimethyl-5 : 5’-dioxo-4 : 4’-dipyrazolinyl (XVII).—This compound, prepared in 80% 
yield from the dihydropyridazine ester (XIX) by Biilow’s method,'® had Amax, 247 my (log 
e 4-00). 

Schotten—Baumann benzoylation gave a dibenzoyl derivative, m. p. 270-2—271-2° after two 
recrystallizations from ethanol, Amex, 230-5 and 270 (infl.) my (log ¢ 4-54 and 3-55) (Found: 
C, 65-1; H, 4-6; N, 13-9. C,,H,,0,N, requires C, 65-7; H, 4-5; N, 13-9%). 

The tetrabenzoyl derivative could not be obtained by the Schotten—Baumann technique, 
but was prepared from the pyrazolone (XVII) and benzoyl chloride in pyridine in 97% yield; 
it had m. p. 197—201° (lit.,8 190°). 

The tetra-acetyl derivative was obtained by the use of acetic anhydride and pyridine. The 
crude product (62% yield) crystallized from cyclohexane in acicular clusters, m. p. 136-0— 
137-5° (lit.,4 140°), Amax. 246 my (log e 4-31). 


The author is indebted to Drs. M. Scalera and R. S. Long for helpful discussions and 
encouragement; to Mr. H. X. Kaempfen for valuable technical assistance; to Messrs. F. C. 
Dexter and N. R. Pasarela for measuring the ultraviolet spectra; to Mrs. C. M. Jorgensen for 
the infrared spectra; and to Mr. O. E. Sundberg and his co-workers for the microanalyses. 


RESEARCH Division, AMERICAN CYANAMID COMPANY, 
Bounp Brook, NEw JERSEY, U.S.A. (Received, March 25th, 1957.]} 





794. The Direct Introduction of the Diazonium Group into Aromatic 
Nuclei. Part I. The Basic Reaction, yielding Diazonium Salts 
from Polyalkylbenzenes, Phenol Ethers, Phenols, and Aromatic Tertiary 
Amines. 

By J. M. TEDDER. 


A general reaction involving the action of excess of nitrous acid on 
aromatic compounds to yield diazonium salts is demonstrated: 
ArH + 2HNO, + HX —» Ar-N,*X~ + 2H,0 + 2(0] 
With aromatic compounds containing activating groups the yields of 
diazonium salt are sufficient to give the reaction preparative value. 


DIAZONIUM salts are usually prepared by diazotisation of amines with nitrous acid. Con- 
version of an aromatic hydrocarbon into a diazonium salt by this method involves three 
steps: nitration, reduction to the amine, and diazotisation. The work described in the 
present series of papers is concerned with the development of methods whereby this 
conversion can be carried out in one step. Previously two reactions which lead to the 
formation of some diazonium salt directly from aromatic hydrocarbon derivatives have 
been reported. The first of these is a side-reaction occurring during the normal preparation 
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of nitrosophenols by direct nitrosation. If phenols are treated with excess of nitrous acid 
for long periods, the nitroso-derivatives first formed react further to yield diazonium 
salts.1 That this is a general reaction of preparative value does not seem to have been 
appreciated. The second reaction by which a diazonium group is directly introduced into 
an aromatic nucleus involves treating a reactive aromatic compound with a solution of an 
alkyl nitrite in trifluoroacetic anhydride.2 Only moderate yields of diazonium salt were 
obtained by this method from mesitylene and anisole, while very expensive trifluoro- 
acetic anhydride was required, and considerable by-products were formed. There are a 
few other reactions * in which diazonium salts occur as minor by-products. 

This first paper gives an account of work aimed at establishing the existence of a quite 
general reaction of which the above were specific examples. The general reaction involves 
initial nitrosation of the aromatic nucleus by a solution containing nitrous acid or a nitrosyl 
derivative. The nitroso-derivative so formed reacts with more nitrous acid to yield the 
diazonium salt. In all cases, except tertiary amines and phenols where the nitroso- 
derivative is stabilised in the quinone monoxime structure, the second reaction occurs so 
rapidly that no nitroso-derivative can be isolated. 


HNO, HNO, 
ArH ——» [ArNO] ——» Ar-N,*X- 
-HX -HX 


Phenols can be readily nitrosated by cold dilute aqueous solutions of sodium nitrite 
in hydrochloric acid, or by solutions of ethyl nitrite and hydrogen chloride in aqueous 
ethanol. By use of excess of nitrosating solution good yields of diazonium salt have been 
obtained from #-cresol (56%) by the former method, and from phenol (80%) by the latter. 
The ethanolic system is likely to be particularly valuable for insoluble phenols. 

Tertiary amines are also nitrosated in either of these media and as is well known, in 
the presence of excess acid, the -nitroso-derivative can be obtained in very high yield. 
However, even under these conditions traces of diazonium salt (ca. 1%) are present in 
the mother-liquors. Undoubtedly, in the presence of excess of acid the nitroso-derivative 
is converted into the salt with a quinone imine oxime structure which is unaffected by 
further nitrous acid. In the case of NN-dimethyl-p-nitrosoaniline, the hydrochloride 
is relatively insoluble in water, inhibiting the second stage of the reaction still further. 
However, by treating these compounds with excess of nitrous acid, but no excess of mineral 
acid, diazonium salts can be prepared and moderate yields have been obtained from NN- 
dimethyl- (55%) and NN-diethyl-aniline (70%). 

The success or failure of the general reaction with less reactive compounds depends to 
a large extent on the initial nitrosation reaction. With phenols and tertiary amines this 
step possibly involves electrophilic attack on the aromatic nucleus by molecular nitrosyl 
chloride. Less reactive compounds are unaffected by this reagent and more acidic media 
are necessary. Ingold and his co-workers have postulated and provided strong evidence 
for nitrosation as an intermediate step in nitrous acid-catalysed nitrations in nitric acid.‘ 
The reaction is believed to proceed through electrophilic attack by the nitrosonium ion: 

HNO, + HX == H,NO,* +. X- ——™ NOt + H,O + X- 


‘-H 
ArH + NO*+——» Ar' == Ar-NO + Ht 
NO 


In nitration, HX is nitric acid and the nitroso-compound is oxidised to the nitro-derivative. 
Nitric acid is therefore an unsuitable solvent for the formation of diazonium salts, but 
sulphuric acid is both more acidic and less likely to oxidise the intermediate nitroso- 
derivatives. Further, sodium nitrite is known to dissolve in concentrated sulphuric acid 
1 Weselsky, Ber., 1871, 4, 613; 1875, 8, 98; Morel and Sisley, Bull. Soc. chim. France, 1927, 41, 
1223; Hodgson, J., 1931, 1494; 1932, 866; Philpot and Small, Biochem. J., 1938, 32, 534. 
* Bourne, Stacey, Tatlow, and Tedder, J., 1952, 1695. 


* Horner and Hubenett, Chem. Ber., 1952, 85, 804; Horner and Betzel, Annalen, 1953, 579, 193. 
* Bunton, Hughes, Ingold, Jacobs, Jones, Minkoff, and Reed, J., 1950, 2628. 
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to form ionised nitrosylsulphuric acid, thus providing a strongly acidic medium in which 
nitrosonium ions are likely to be particularly abundant: 


NaNO, + 3H,SO, —» NO* + H,O*+ + 2HSO,- + NaHSO, 


This system was indeed found to be very effective in the formation of diazonium salts 
directly from aromatic hydrocarbons. However, this mixture alone, although giving 
small yields of diazonium salt from phenol ethers, alkylbenzenes, and even benzene itself, 
failed to give good yields (i.e., better than 20%) even with reactive compounds such as 
mesitylene; and, what is more important, the diazonium salts isolated as the $-naphthol 
coupling compounds proved to be largely nitro-derivatives. Thus diazonium salt formation 
was accompanied by various side-reactions in which nitration predominated. The 
explanation of these side reactions can probably be found in the second stage of the basic 
reaction, namely, the conversion of the nitroso-compound into a diazonium salt. 

The conversion of nitrosobenzene into benzenediazonium nitrate was first studied by 
Bamberger who treated a chloroform solution of nitrosobenzene with nitric oxide.’ Later 
he obtained a better yield by using sodium nitrite in acetic acid solution, and also found 
pentyl nitrite to be effective.6 Several empirical schemes can be written for these 
reactions: 

PhNO + 4HNO, ——» PhN,* + NO,- + 2H,O + 2NO, 
PhNO + 3HNO, ——> PhN,* + NO,- + H,O + HNO, 
PhNO + HNO, ——» PhN,* + OH- + 2[0] 


The first reaction would be consistent with the intermediate formation of nitric oxide 
which then reacted with nitrosobenzene as Bamberger first demonstrated, but his later 
work is more consistent with* the second reaction. However, both Bamberger’s 
“ equations ” contain the third, which is the simplest possible form and probably expresses 
the initial reaction. The two atoms of oxygen would be expected to react with excess of 
nitrous acid, giving an overall balance consistent with either of the former equations. 
So far it has not been possible to establish the stoicheiometry of the reaction unequivocally. 

The formation of nitro-derivatives as by-products in the preparation of diazonium 
salts is readily explained by these equations, which also suggest methods by which they 
may be avoided. By carrying out the reaction in 67% sulphuric acid, a poor yield (5-5%) 
of diazonium salt was obtained from mesitylene, but the product, unlike that from concen- 
trated or 75% sulphuric acid, proved to be mesitylenediazonium sulphate uncontaminated 
by nitro-products. Although nitration of the diazonium salt was avoided in this medium, 
nitration of the free mesitylene occurred and the yield of diazonium salt was very low. 
However, concurrent sulphonation and nitration was almost completely avoided by 
carrying out the reaction in an inert atmosphere in nitrobenzene solution. Reasonable 
yields of diazonium salt were obtained from anisole, mesitylene, and m-xylene in this 
medium. The most reactive compound of these three, anisole, was treated in nitrobenzene 
with crystalline nitrosylsulphuric acid (prepared separately from nitric acid and sulphur 
dioxide) at 0°. Nitrosylsulphuric acid is only slightly soluble in nitrobenzene, but carbon 
dioxide bubbled through the mixture provided sufficient agitation to promote complete 
reaction. The stream of carbon dioxide was intended to remove any oxygen or higher oxides 
of nitrogen formed during the reaction, but more recent work suggests this was unnecessary. 
A 48% yield of diazonium salt was obtained from anisole by this method. Mesitylene 
and m-xylene were treated in nitrobenzene with excess of nitrosylsulphuric acid in concen- 
trated sulphuric acid (prepared im situ by dissolving sodium nitrite in excess of sulphuric 
acid, before addition to the nitrobenzene and the hydrocarbon). The mixture separated 
into two layers, but as before agitation by an inert gas was sufficient to promote the 
reactions which were carried out at room temperature. Yields of 78% and 43% were 


5 Bamberger, Ber., 1897, 30, 506. 
® Idem, Ber., 1918, 51, 634. 
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obtained from mesitylene and m-xylene respectively. In similar nitrobenzene solutions 
a negligible yield of diazonium salt was obtained from toluene, and benzene was unaffected. 

No attempt has yet been made to achieve maximum yields or find optimum conditions, 
but the results described above provide evidence for a general reaction of a wide range of 
aromatic compounds, in which a diazonium group is introduced directly into the aromatic 
nucleus. A more detailed study of the reaction with phenols and tertiary amines is in 


progress. 
EXPERIMENTAL 


p-Hydroxyphenylazo-B-naphthol—Phenol (0-51 g.) was dissolved in aqueous ethanol (5 c.c.). 
Ethyl nitrite (10 c.c.) followed by a saturated solution of hydrogen chloride in ethanol (5 c.c.) 
were then added. The mixture was kept below 10° for 36 hr., then poured into ice—water 
(300 c.c.). The aqueous solution was exhaustively extracted with ether (to remove unchanged 
phenol or quinone monoxime) before being neutralised with solid sodium hydrogen carbonate 
and treated with excess of alkaline 6-naphthol solution. The azo-dye was extracted with 
chloroform, and the extract washed with 0-01N-sodium hydroxide and dried (Na,SO,)._ Evapor- 
ation of the chloroform left a bright red solid (1-22 g.), m. p. 189—190°. Recrystallisation from 
acetone gave red needles,” m. p. 194° (Found: C, 72-7; H, 5-1. Calc. for C,,H,,0,N,: C, 72-7; 
H, 46%). 

2: 2’: 4’-Trihydroxy-5-methylazobenzene.—p-Cresol (1-07 g.) was dissolved in ice-water 
(100 c.c.) and acetone (50 c.c.). Sodium nitrite (5 g.) was added, followed by 2N-hydrochloric 
acid (25 c.c.). The solution was left for 14 hr. at +2° to —2°. A small precipitate was then 
filtered off, and the solution extracted with ether. The aqueous residue was neutralised with 
sodium hydrogen carbonate and treated with excess of resorcinol. The solution was then made 
more alkaline (pH 12), becoming very intensely red. After 0-5 hr. the whole was acidified with 


dilute hydrochloric acid, and the precipitated azo-dye extracted with chloroform. The extract 


was washed repeatedly with water to remove excess of resorcinol, dried (Na,SO,),and evaporated. 
The crude azo-dye (1-21 g.), m. p. 209—-211°, was recrystallised from acetone. The pure dye, m. p. 
214°, gave a bright orange colour in concentrated sulphuric acid and a deep crimson-red in 
alkaline solution (Found: C, 63-9; H, 5-0; N, 11-3. C,,;H,,O,;N, requires C, 63-9; H, 4-9; 
N, 11-5%). 

p-NN-Dimethylaminophenylazo-B-naphthol.—Dimethylaniline (1-0 c.c.) was dissolved in 
ice-water (100 c.c.) and acetone (50 c.c.). Sodium nitrite (5-0 g.) was added, followed by 
2n-hydrochloric acid (25 c.c.) at 0°. After 14 hr. at 0° a small precipitate was removed, and 
the solution neutralised with sodium hydrogen carbonate. The neutral solution was 
exhaustively extracted with chloroform and the aqueous residue treated with a slight excess 
of alkaline $-naphthol solution. After } hr. the dye was extracted with chloroform. The 
extract was washed twice with dilute sodium hydroxide solution and once with 2N-hydrochloric 
acid, dried (Na,SO,), and evaporated, to leave a black crystalline residue (1-41 g.), m. p. 170— 
175° (decomp.). The dye recrystallised from acetone as blue-black needles, m. p. 180—182° 
(decomp.), dissolving in chloroform to a very deep crimson solution, and in acetone or alcohol 
to an intense red brown one; the colour in sulphuric acid is magenta (Found: C, 74-1; H, 6-3; 
N, 14:0. Calc. for C,,H,,ON,;: C, 74-2; H, 5-8; N, 144%). 

p-NN-Diethylaminophenylazo-8-naphthol.—A solution of diethylaniline (1-0 c.c.) in acetone 
(100 c.c.) and water (50 c.c.) was treated with sodium nitrite (5-0 g.) and 2N-hydrochloric acid 
(25 c.c.). The reactants were kept below 2° for 14 hr. and then worked up as in the previous 
experiment. The crude azo-dye (1-42 g.), m. p. 115—118°, recrystallised from acetone as 
blue-black needles, m. p. 119—120°. The appearance and properties of this compound were 
identical with those of the dye from dimethylaniline (Found: C, 75-4; H, 6-9; N, 13-2. 
C,,H,,ON, requires C, 75-3; H, 6-6; N, 13-2%). 

Reaction between Mesitylene and Nitrosylsulphuric Acid.—(a) In concentrated sulphuric acid. 
Mesitylene (1-0 c.c.) was added to a solution of sodium nitrite -(4 g.) in concentrated sulphuric 
acid (15 c.c.) through which carbon dioxide had been bubbled for 20 min. before the reaction 
started. The mixture was stirred for 3 hr. at 8° and then poured on crushed ice. The aqueous 
mixture was extracted with ether, and the extract discarded. The lower layer was neutralised 
with sodium carbonate, and a copious brown precipitate was formed (possibly an indazole 


? Niementowski, Anz. Akad. Wiss. Krakau, 1902, 413 (Chem. Zenir., 1902, II, 938). 
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derivative). The whole mixture was filtered and the filtrate was coupled with alkaline 
f-naphthol. The azo-dye was extracted with chloroform, washed with alkali, and dried 
(Na,SO,), and the chloroform evaporated, to leave an amorphous red powder, m. p. 160—168° 
(0-14 g.). The dye gave an intense purple colour in sulphuric acid. 

(b) In 75% sulphuric acid. Sodium nitrite (4-0 g.) was dissolved in a mixture of sulphuric 
acid (12-0 c.c.) and water (7-0 c.c.). The solution*was cooled and mesitylene (1-0 c.c.) was 
added. The mixture was stirred at room temperature for 3-5 hr. and the azo-dye prepared as 
before. The crude dye (0-24 g.) after one recrystallisation from acetone had m. p. 178—179° 
and was further purified to give an amorphous red powder, m. p. 181—182°, dissolving in 
concentrated sulphuric acid with an intense purple colour (Found: C, 73-9; H, 5-6; N, 9:3%). 
The identity of the compound has not been definitely established. 

(c) In 67% sulphuric acid. Under similar conditions mesitylene (1-0 c.c.) was stirred with 
a solution of sodium nitrite (4-0 g.) in sulphuric acid (10-0 c.c.) and water (8-7 c.c.). The crude 
dye # (0-12 g.) after one recrystallisation from acetone had m. p. 131—132°, undepressed on 
admixture with 2: 4: 6-trimethylphenylazo-$-naphthol, and gave a bright crimson colour in 
concentrated sulphuric acid. The ether extract contained nitro-compounds. 

Reaction between Toluene and Sodium Nitrite in Concentrated Sulphuric Acid.—Toluene 
(1 c.c.) was added to sodium nitrite (4 g.) in concentrated sulphuric acid (15 c.c.). The system, 
which was not homogeneous, was stirred under carbon dioxide for 16 hr. at 20—22°, then 
poured on ice, and the aqueous mixture was extracted with ether. The aqueous layer was 
neutralised with sodium carbonate and filtered. The filtrate was treated with excess of 
8-naphthol, and the azo-dye isolated in the usual way. The crude dye (0-13 g.) gave a purple 
colour in concentrated sulphuric acid. Recrystallisation gave a small yield of dark red needles, 
m. p. 254—256° (Found: C, 65-7; H, 4-2. Nitrotolylazo-8-naphthol, C,,H,,0,N;, requires 
C, 66-2; H, 4.6%). The identity of this compound was not established, but it was probably 
2-nitro-4-tolylazo-8-naphthol. The other likely isomer 4-nitro-2-tolylazo-8-naphthol is known 
and has somewhat different properties.® 

Reaction Between Benzene and Sodium Nitrite in Concentrated Sulphuric Acid.—In a series of 
experiments aliquot portions of benzene (1 c.c.) were added to sodium nitrite (4g.) in concentrated 
sulphuric acid (10 c.c.). Reaction times of 6—36 hr. and temperatures from 20° to 45° were 
employed. The diazonium salt formed was estimated by coupling with @-naphthol exactly 
as in the preceding experiment. Traces of azo-dye were obtained, but in no case more than 2%. 
All the dyes gave purple colours in sulphuric acid and m. p.s ca. 180—190°. They were not 
investigated in detail but are believed to have been crude nitrophenylazo-$-naphthols. 

p-Methoxyphenylazo-8-naphthol.—Anisole (1-0 c.c.) was added to a mixture of nitrosyl- 
sulphuric acid (3-18 g.) (prepared separately from fuming nitric acid and sulphur dioxide) and 
nitrobenzene (10 c.c.) at 0°. The mixture darkened instantly. A stream of carbon dioxide 
was bubbled through the mixture at 0° for 4 hr. The mixture was poured on iced water and 
extracted with ether. The ether layer was washed with dilute sodium hydroxide solution, 
and the ether discarded. The washings were re-acidified and extracted with fresh ether. This 
second extract was dried (Na,SO,) and evaporated, to leave a phenolic residue (0-22 g.). The 
main aqueous solution was neutralised with sodium carbonate and then treated with a slight 
excess of sodium $-naphthoxide. The resulting dye was extracted with chloroform, washed 
with dilute sodium hydroxide and then water, and dried (Na,SO,). The chloroform was 
evaporated, to leave a bright red solid (0-73 g.)._ A single recrystallisation from acetone gave 
red needles,*® m. p. 140° (Found: C, 72-8; H, 5-1. Calc. for C,,H,,O,N,: C, 73-4; H, 5-0%). 

2:4: 6-Trimethylphenylazo-B-naphthol.—Sodium nitrite (4-2 g.) was dissolved in concen- 
trated sulphuric acid (10 c.c.), The mixture became warm, all the sodium nitrite dissolved, 
then a paste was formed. Nitrobenzene (10 c.c.) was added to the mixture and the paste 
stirred. Hydrogen was bubbled slowly through the system and after 20 min. mesitylene (1-0 
c.c.) was injected into the mixture. Every hour a glass rod was inserted into the system and 
the solid was broken up. The glass rod on withdrawal was washed with sodium hydrogen 


* carbonate solution and these washings tested with alkaline B-naphthol solution; in each test 


a red precipitate was obtained. After 4 hr., the mixture was poured on crushed ice, and the 
aqueous solution filtered. The nitrobenzene being solid was recovered and was dissolved in 
chloroform and extracted with aqueous sodium hydrogen carbonate solution, the aqueous 


8 Leonard and Browne, Sci. Proc. Roy. Dublin Soc., 1920, 16, 105. 
* Koch, Milligan, and Zuckerman, Ind. Eng. Chem. Analyt., 1944, 16, 755. 
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extract being retained while the chloroform solution was discarded. The main aqueous 
solution was extracted with chloroform to remove traces of nitrobenzene, and then neutralised 
with solid sodium hydrogen carbonate; this solution was then combined with the washings 
from the nitrobenzene. The azo-dye was prepared by adding an excess of a solution of 6- 
naphthol in aqueous sodium carbonate. After 2 hr. the azo-dye was extracted with chloroform 
and the combined extracts were washed twice with 0-01N-sodium hydroxide to remove 
co-precipitated @-naphthol. The chloroform solution was dried (Na,SO,) and evaporated 
under reduced pressure to leave a semi-crystalline red solid, m. p. 130—131° (1-60 g.). (Mesityl- 
azo-f-naphthol ® has m. p. 132°.) Recrystallisation from acetone yielded bright red needles, 
m. p. 133—134° (Found: C, 78-2; H, 6-3. Calc. for C,,H,,ON,: C, 78-6; H, 6-2%). 

2 : 4-Dimethylphenylazo-B-naphthol_—Sodium nitrite (4-1 g.) was dissolved in concentrated 
sulphuric acid (10 c.c.), and nitrobenzene (10 c.c.) was added. A stream of carbon dioxide 
was bubbled through the mixture for 20 min. before m-xylene (1-0 c.c.) was added. The 
mixture which separated into two layers was agitated by carbon dioxide and the reaction was 
allowed to continue for 6 hr., during which the solid was broken up occasionally. Then the 
mixture was poured on ice and extracted with chloroform, the chloroform extract being discarded. 
The dye was prepared and isolated as in the previous experiments. The crude product (1-12 g.) 
melted at 158—159° and a single recrystallisation from acetone gave red needles,’ m. p. 159— 
160° (Found: C, 77-8; H, 5-6. Calc. for C,,H,,O,N,: C, 78-3; H, 5-8%). 


The author acknowledges many helpful discussions with his colleagues and thanks Professor 
R. D. Haworth, F.R.S., for his interest and encouragement. 
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795. The Direct Introduction of the Diazonium Group into Aromatic 
Nuclei. Part II. Diazonium Salts from Aromatic Sulphonic Acids, 
Carboxylic Acids, and Nitro-compounds prepared by use of Mercuric 
Ions as Catalyst. 


By J. M. TEDDER and G. THEAKER. 


A method for introducing a diazonium group directly into deactivated 
aromatic nuclei has been developed. The aromatic compound, dissolved 
in sulphuric acid, is treated with nitrosylsulphuric acid and a catalytic 
amount of mercuric sulphate. Moderate yields of diazonium salts have 
been prepared from aromatic sulphonic acids, carboxylic acids, and nitro- 
compounds by this method. 


THE preceding paper described the formation of diazonium salts directly from aromatic 
compounds containing activating groups, probably by electrophilic attack of a nitrosonium 
ion on the aromatic nucleus, to yield a nitroso-derivative which then reacts further to 
yield the diazonium salts. If this mechanism is correct, the simple reaction is unlikely 
to be extended to unactivated aromatic nuclei, because there is strong evidence to show 
that the nitrosonium ion is not sufficiently reactive.2 There are, however, other possible 
ways of introducing a nitroso-group into an aromatic nucleus under conditions such that 
it will be able to react further to yield a diazonium salt. The first approach we have made 
involves the preliminary mercuration of the aromatic nucleus. Reaction of diphenyl- 
mercury compounds with dinitrogen trioxide to yield nitroso-compounds and diazonium 
salts was first reported by Bamberger* and various similar reactions have since been 
described. Mercuration followed by nitrosation and formation of diazonium salts was. 


1 Part I, preceding paper. 

* Ingold, “ Structure and Mechanism in Organic Chemistry,” G. Bell and Sons Ltd., 1953, p. 287; 
Tedder, Chem. Rev., 1955, 55, 816. 

? Bamberger, Ber., 1897, 30, 506. 

* Kunz, Ber., 1898, 31, 1528; Smith and Taylor, J. Amer. Chem. Soc., 1935, 57, 2460; Makarova and 
Nesmejanov, Js Gen. Chem. (U.S.S.R.), 1939, 9, 771 (Chem. Abs., 1940, 34, 391). 
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also studied in connection with ‘‘ oxynitration,” 5 and very much earlier a peculiar oxid- 
ation accompanied by diazonium salt formation is described in a patent. On these found- 
ations we have attempted to develop a practical method of preparing diazonium salts. 

The process involves the initial mercuration of the aromatic compound under acid 
conditions.” The mercuric ion is then replaced by the nitrosonium ion to form the aromatic 
nitroso-compound, which reacts as before to form the diazonium salt : 

ArH + Hg++ ——» ArHg* + H* 
ArHgt + NO+ ——» Ar-NO + Hg*+ 
Ar-NO + NO*+ ——» Ar-N,* + 2[O] 
The important feature of these reactions is that the mercuric ion (shown unhydrated, no 
evidence being at present available as to its form in concentrated sulphuric acid) is 
regenerated in the second stage of the reaction, so that only catalytic amounts of mercury 
are required. 

This reaction was first attempted with benzene, which was treated with excess of 
nitrosylsulphuric acid and one mole of mercuric oxide dissolved in concentrated sulphuric 
acid. Diazonium salts were certainly formed under conditions which would have left 
benzene unaffected in the absence of mercury. However, instead of simply benzene- 
diazonium sulphate, the coupling products indicated the presence of at least four salts. 
These were believed to be the o- and #-nitro-derivatives, a bisdiazonium salt, and the 
expected benzenediazonium salt, but only the o-nitro-derivative was fully characterised. 
The bisdiazonium salt was formed even under conditions which left a large portion of the 
benzene unchanged. These results were attributed to the fact that phenylmercuric 
sulphate, nitrosobenzene, and benzenediazonium sulphate are all soluble in concentrated 
sulphuric acid and can undergo further substitution more rapidly than the undissolved 
benzene. However, the catalytic effect of mercury was confirmed and, secondly, phenyl- 
mercuric sulphate treated with nitrosylsulphuric acid in concentrated sulphuric acid 
solution yielded benzenediazonium sulphate extremely rapidly at 0°. Attention was then 
turned to deactivated molecules which are soluble in concentrated sulphuric acid. 

Aromatic sulphonic acids, nitro-compounds, and carboxylic acids all yielded diazonium 
salts when treated with nitrosylsulphuric acid and catalytic amounts of mercuric sulphate 
in concentrated sulphuric acid. The Table lists the best yields (estimated by titration of 
the diazonium salt), obtained by use of 0-01 mol. of mercuric oxide, in 3—4 experiments, 
but no exhaustive investigation of all the variables was attempted. The results provide 


Aromatic compound NaNO, (mols.) Conditions (time in hr.) Yield (%) 
ig Rn Rg Oe Tee ane m 2-1 23, 75° 20 
REE « opi dnccscvcncsccsecspesiectio 2-1 24, 60° 29 
DE RIE « 6040 snncrntnnonesennsesonss 2-1 3, 60° * 53 
ge, CRS rere 3-1 7, 70° 37 
REI cicscngesckenecdnssutetootesss 2-1 3, 70° 24 
I PEND inns scncesisoecoccsoness 5-0 3, 20° * 75 
Sn. Sebesenseremmnehnetivemeiiaes 2-1 2}, 30° 7 
OTT, nase paannssesckieapnsecess 2-1 3, 70° 21 
BE AEGMIEE Svtmceessnccevcposecdesscseese 2-1 5}, 20° 17 
P-MeOCH CO GH .........cccccccccccccee 2-1 4, 20° * 13 


* Nitrosylsulphuric acid added during 3—6 hr. 


evidence for the basic mechanism. From #-nitroanisole and #-anisic acid appreciable 
yields of nitroso-compounds were isolated and the latter were converted by fresh nitrosyl- 
sulphuric acid into more diazonium salt. However, a variety of side reactions are possible 
as indicated by the annexed scheme. Aromatic nitro-compounds could be formed by 
oxidation of the intermediate nitroso-compound or by direct nitration of the starting 
aromatic compound (cf. Part I). In fact, only benzene yielded nitrated products under 


5 Westheimer, Segel, and Schramm, J. Amer. Chem. Soc., 1947, 69,773; Carmack, Baizer, Handrick, 
Kissinger, and Specht, ibid., p. 785. 

* Bayer Farb., B.P. 27,373. 

7 Schramm, Klapproth, and Westheimer, J. Phys. Colloid Chem., 1951, 55, 843. 
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mild conditions, though under forcing conditions a nitrated diazonium salt was obtained 
from p-nitrotoluene. In the conditions which gave the maximum yields of diazonium 
salts from p-nitroanisole and f-nitrotoluene, no nitrated product could be detected and in 


Ar-SO,H Ar-NO, ArOH 


sis gl: CE, 


ArH —»> ArHgt ——» Ar-NO —» Ar'N,* + 2[O] 


ee 


Ar-NO:NAr —HO-NAr-C,H,-NO ——- HO-NAr-C,H,'N,* 


the former case the bulk of the starting material not accounted for by the diazonium salt 
was recovered as nitroso- and azoxy-compounds. 
Further work is being devoted to the individual stages of the reaction. 


EXPERIMENTAL 

Reaction of Benzene with Nitrosylsulphuric Acid in the presence of Mercuric Salts.—Benzene 
(1-76 g.) was added at 20° to a solution of yellow mercuric oxide (4-88 g.) and sodium nitrite 
(9-36 g.) in concentrated sulphuric acid (65 ml.) through which a stream of nitrogen was passing. 
After 2 hr. the mixture was poured on ice (1 kg.), neutralised with sodium hydrogen carbonate 
(207 g.), then filtered to remove mercuric oxide. 1% Sodium $-naphthoxide solution was added 
to the filtrate until no more diazonium salt was present. The dye was isolated by extracting 
the mixture with chloroform, the extract being washed with alkali before drying (Na,SO,) and 
evaporation. This gave crude dye (1-5 g., 27%), as a green powder, m. p. 110—130°. 

From this mixture the following products were obtained by fractional crystallisation from 
ethyl alcohol: (a) A dark product, m. p. 160—170°, not very soluble in ethanol, which dissolved 
in concentrated sulphuric acid to give a blue-purple solution (Amax, in CHCl,, 505—510 my), 
probably bisazo-compound. (6) Orange needles, m. p. 206—207°, which dissolved in concen- 
trated sulphuric acid to give a purple-red solution (Found: C, 64-95; H, 3-9; N, 14-0. Calc. 
for C,,H,,O,;N,;: C, 65-5; H, 3-8; N, 14:3%), mixed m. p. with o-nitrophenylazo-8-naphthol ® 
207°, Amax. (in CHCl,) 496—500 my (authentic dye 498 my). (c) A very small quantity of 
orange needles (from benzene), m. p. ca. 246° (Hewitt and Mitchell ® describe p-nitrophenyl- 
azo-$-naphthol, m. p. 247°). (d) Phenylazo-8-naphthol contaminated with some $-naphthol, 
identified by its absorption. 

In a control experiment benzene (1-76 g.) was added at 20° to a solution of sodium nitrite 
(9-36 g.) in concentrated sulphuric acid (65 ml.) through which nitrogen was passing. The 
mixture quickly became a red-brown but no diazonium salt was detected after 2 hr. 

Reaction of Phenylmercuric Sulphate with Nitrosylsulphuric Acid.—Benzene (1°76 g.) was 
added to a solution of yellow mercuric oxide (1-22 g.) in concentrated sulphuric acid (25 ml.) 
at 20°. The mixture became clear in } hr. It was then cooled to 0—2° and sodium nitrite 
(5-45 g.) in concentrated sulphuric acid (35 ml.) was added all at once with stirring. After 2 min. 
the mixture was poured on ice (800 g.), neutralised with sodium hydrogen carbonate, filtered, and 
coupled with 8-naphthol. The dye was isolated by chloroform as above (0-35 g., 6-2%; m. p. 
115—120°). The crude product crystallised from acetone in red needles, m. p. 128° alone or 
mixed with phenylazo-8-naphthol. The colour in concentrated sulphuric acid was bright 
pink-red. 

Reaction between Nitrosylsulphuric Acid and Deactivated Aromatic Compounds in the Presence 
of Mercuric Ions.—Titration procedure. In the following experiments, the yields of diazonium 
salt were determined by diluting aliquot parts of the mixtures in ice-water, removing the 
excess of nitrous acid with sulphamic acid solution, neutralising the whole with sodium acetate 
solution and coupling with standard 3-methyl-l-p-sulphophenyl-5-pyrazolone solution con- 
taining sodium acetate. After a suitable period for completion of coupling, the excess of 
pyrazolone was back-titrated with standard -nitrobenzenediazonium chloride solution with 
the sodium salt of H-acid as external indicator. 


® Meldola and Hughes, J., 1891, 59, 374. 
* Hewitt and Mitchell, /., 1906, 89, 1170. 
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Benzenesulphonic acid. Sodium benzenesulphonate (3-60 g.) was added to a solution of 
mercuric oxide (0-043 g.) and sodium nitrite (2-9 g.) in concentrated sulphuric acid (30 ml.) at 
20°. The mixture was heated to 75° in 15 min., then kept at this temperature. Every half- 
hour aliquot samples were withdrawn and the yield of diazonium salt estimated by titration. This 
yield was a maximum of 20% after 2? hr. and thereafter fell slightly. In a similar experiment 
at 90° a maximum yield of 14% was obtained after 1} hr. and then fell rapidly. The identity 
of the diazonium salt was established by repeating the conditions of the first experiment and 
after 2? hr. pouring the whole mixture on ice (400 g.). The mixture was partly neutralised 
with 10% sodium hydroxide solution, the final pH being adjusted by completing the neutralis- 
ation with sodium carbonate. The diazonium salt was coupled wth $-naphthol and the dye 
isolated as the sodium salt by salting out with sodium chloride and filtration. The dye was 
obtained fairly free from salt by extraction with methanol and evaporation of the extract 
and was identified by absorption spectrometry in aqueous solution (Amax, 481 my). 

Naphthalene-1-sulphonic acid. Sodium naphthalene-l-sulphonate (4-60 g.) was. dissolved 
in a solution of mercuric oxide (0-043 g.) and sodium nitrite (2-9 g.) in concentrated sulphuric 
acid (30 ml.) at 20°. The mixture was heated at 60° while the reaction was followed as before. 
A maximum yield of 29% was obtained after 2} hr. In a similar experiment the diazonium 
salt was coupled with $-naphthol and the sodium salt of the dye isolated as before. Paper 
chromatography indicated the presence of more than one dye and the product was not 
investigated further. 

Toluene-p-sulphonic acid. Toluene-p-sulphonic acid monohydrate (3-8 g.) and mercuric 
oxide (0-043 g.) were dissolved in concentrated sulphuric acid (15 ml.) at 20°. A solution of 
sodium nitrite (2-9 g.) in concentrated sulphuric acid (20 ml.) was added during 4 hr. at 60°. 
The yield was a maximum of 53% after 3 hr. In another experiment the diazonium salt was 
coupled with 8-naphthol and the sodium salt of the dye isolated as before (Amax, 478 my in H,O). 

In a control experiment, toluene-p-sulphonic acid monohydrate (1-9 g.) was treated with 
sodium nitrite (1-45 g.) in concentrated sulphuric acid (15 ml.) for 6 hr. at 60°. No diazonium 
salt was detected. 

p-Toluic acid. This acid (2-72 g.) was added to mercuric oxide (0-043 g.) and sodium nitrite 
(2-9 g.) in concentrated sulphuric acid (30 ml.) at 20° and the mixture heated to 70°. A maxi- 
mum yield of diazonium salt (21%) was obtained after 3 hr. The experiment was repeated 
and the mass poured on ice (600 g.) and after 3 hr. at 70°. The excess of nitrous acid was 
removed by 10% sulphamic acid solution, the mixture filtered, neutralised with sodium carbon- 
ate, and coupled with $-naphthol. The dye was isolated as free acid by just acidifying the 
mixture (pH 5) with hydrochloric acid and extracting it with ether. To separate the dye from 
excess of 8-naphthol the ethereal solution was shaken with sodium hydrogen carbonate solution 
and the latter extract re-acidified and extracted with ether. The crude dye (m. p. 210—250°) 
was purified by recrystallising from acetone (m. p. 268°). The solution in concentrated 
sulphuric acid was red-purple (Found: C, 70-5; H, 5-3. C,,H,,0,N, requires C, 70-6; H, 4-6%). 

1-Naphthoitc acid. 1-Naphthoic acid (3-44 g.) was added to sodium nitrite (2-9 g.) and 
mercuric oxide (0-043 g.) in concentrated sulphuric acid (30 ml.) at 20°. The mixture was 
kept at 20°. Maximum yield of 17% was obtained after 5} hr. In a similar experiment the 
diazonium salt was coupled with 8-naphthol and the dye isolated as in the previous example. 
The crude dye (m. p. 260—290°) was purified by crystallisation from acetone as a red amor- 
phous powder [m. p. 332° (decomp.)]: it dissolved in concentrated sulphuric acid to a red- 
purple solution (Found: C, 74-4; H, 4-4. C,,H,,O,N, requires C, 73-7; H, 4:1%). The dye 
was not further characterised. There was also obtained a trace of a product which dissolved 
in concentrated sulphuric acid to a blue-green solution which quickly faded. 

p-Nitrotoluene. -Nitrotoluene (2-74 g.) was dissolved in concentrated sulphuric acid (15 ml.) 
containing mercuric oxide (0-043 g.) at 20°, then heated to 70°. Sodium nitrite (4-35 g.) in 
concentrated sulphuric acid (30 ml.) was added during 5 hr. at 70°. The yield was a maximum 
(37%) after 7 hr. Ina similar experiment the mixture was poured on ice (800 g.), and excess 
of nitrous acid removed by sulphamic acid. The mixture was extracted with ether, neutralised 
with sodium carbonate, and coupled with $-naphthol. The dye was isolated by extraction 
with chloroform, which was then shaken with dilute sodium hydroxide solution. The dye 
crystallised from benzene as red needles, m. p. 205° (2-methyl-5-nitrophenylazo-$-naphthol,!° 
m. p. 204°) (Found: C, 66-6; H, 4-6; N, 13-3. Calc. for C,,H,,;0O,N;: C, 66-45; H, 4-3; N, 

10 Leonard and Browne, Sci. Proc. Roy. Dublin Soc., 1920, 16, 105. 
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13-7%). In a third experiment, p-nitrotoluene (2-74 g.) was added to a solution of mercuric 
oxide (0-043 g.) and sodium nitrite (2-9 g.) in concentrated sulphuric acid (30 ml.) at 20° and 
the mixture then heated to 95°: a maximum yield of 16% was obtained after 1} hr. Ina 
similar experiment the diazonium salt was coupled with §-naphthol and the dye isolated as 
above. In addition to the 2-methyl-5-nitrophenylazo-$-naphthol, there was obtained some 
dinitrotolylazo-8-naphthol which was less soluble in benzene. 

Dinitrotolylazo-8-naphthol crystallised from benzene as red needles, m. p. 246° (Found: 
N, 15-8. C,,H,,O;N, requires N, 15-9%). The position of the second nitro-group was not 
established. 

o-Nitrotoluene. o-Nitrotoluene (2-74 g.) was dissolved in concentrated sulphuric acid (15 ml.) 
containing mercuric oxide (0-043 g.) at 20° and the mixture heated at 70°. Sodium nitrite 
(2-9 g.) in concentrated sulphuric acid (20 ml.) was added in 3? hr. at 70°. Yield was maximum 
(24%) after 3 hr. 

1-Nitronaphthalene. 1-Nitronaphthalene (3-46 g.) was added at 20° to a solution of mercuric 
oxide (0-043 g.) and sodium nitrite (2-9 g.) in concentrated sulphuric acid (30 ml.) through 
which nitrogen was passed. The mixture was kept at 30°. A maximum yield of 7% was 
obtained after 2} hr. 

p-Nitroanisole. -Nitroanisole (3-06 g.) was dissolved in concentrated sulphuric acid (15 ml.) 
containing mercuric oxide (0-043 g.) at 20°. A solution of sodium nitrite (6-90 g.) in concen- 
trated sulphuric acid (30 ml.) was added during 3 hr. at 20°. Yield was a maximum (75%) 
after 3 hr. In a similar experiment the mixture was poured on ice (600 g.); treatment as in 
preceding cases gave 2-methoxy-5-nitrophenylazo-B-naphthol, which from ethyl methyl ketone 
formed orange-red needles, m. p. 252—253° (Found: C, 63-0; H, 4:1. C,,H,,;0,N, requires 
C, 63-2; H, 405%). 

The benzene extract of the diazonium salt solution was evaporated, and the dark residue 
(39% by wt. of p-nitroanisole used) redissolved in acetone. This residue consisted of a little 
unchanged p-nitroanisole (m. p. 50—52°) and a yellow solid (m. p. 114—118°) which melted to 
a green liquid. This 4-nitvo-2-nitrosoanisole crystallised from aqueous acetic acid as pale 
yellow plates, m. p. 120° (Found: C, 46-0; H, 3-4. C,H,O,N, requires C, 46-1; H, 3-3%). 
Treatment of its solution in acetic acid with aniline at 20° afforded 2-methoxy-5-nitrophenylazo- 
benzene, pale orange needles (from aqueous ethanol), m. p. 131° (Found: C, 60-4; H, 4-6. 
C,3;H,,0,N, requires C, 60-7; H, 4:3%). To confirm the structure of the nitroso-compound, 
its solution in concentrated sulphuric acid was treated with sodium nitrite in concentrated 
sulphuric acid at 20°. After } hr. the diazonium salt obtained was coupled with $-naphthol 
and the dye isolated as before. The product separated as red needles (from ethyl methyl 
ketone), m. p. and mixed m. p. 252°. Also obtained was a trace of a dark product (m. p. 
194—197°), crystallising from aqueous acetone as cream plates (m. p. 206°) Brand and Ejisen- 
menger 71 report 2: 2’-dimethoxy-5 : 5’-dinitroazoxybenzene, m. p. 209° (Found: C, 48-5; 
H, 3-7. Calc. for C,gH,,0,N,: C, 48-3; H, 3-5%). p-Nitroanisole (1-53 g.) was treated with 
sodium nitrite (1-45 g.) in concentrated sulphuric acid (22 ml.) for up to 25 hr. at 20°. No 
diazonium salt was detected. 

p-Anisic acid. p-Anisic acid (3-04 g.) was dissolved in concentrated sulphuric acid (15 ml.) 
containing mercuric oxide (0-043 g.) at 20°. Sodium nitrite (2-9 g.) in concentrated sulphuric 
acid (30 ml.) was added during 5 hr. at 20°. Maximum yield (13%) was obtained after }hr. In 
a similar experiment the mixture was poured on ice (600 g.), excess of nitrous acid removed, 
and the whole extracted with ether. The diazonium salt solution was not investigated further. 
Evaporating the ethereal solution gave a yellow-brown product (59%), largely nitroso-compound 
(Liebermann test) and giving with aniline in acetic acid 5-carboxy-2-methoxyazobenzene, 
orange needles (from benzene), m. p. 214—215° (Found: C, 65-6; H, 4-9. C,,H,,0O,N, requires 
C, 65-6; H, 4-7%). 

No diazonium salt was detected on treatment of anisic acid (1-52 g.) with sodium nitrite 
(1-45 g.) in concentrated sulphuric acid (22 ml.) at 20° for up to 24 hr. 


The authors acknowledge valuable discussions with their colleagues, especially Mr. A. C. 
Farthing of Imperial Chemical Industries Limited, Dyestuffs Division. They thank Dr. H. 
Swann for advice on the determination of diazonium salts. 


THe UNIVERSITY, SHEFFIELD, 10. [Received, May 8th, 1957.]} 
11 Brand and Eisenmenger, J. prakt. Chem., 1913, 87, 487. 
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796. Blue Perchromic Acid. 
By D. F. Evans. 


The formula of blue perchromic acid has been investigated by low- 
temperature spectrophotometry in aqueous methyl alcohol (Job’s method), 
and, more satisfactorily, by rapid spectrophotometry of the equilibria in 
aqueous solution at 10°c. Both methods indicate that the basic formula 
is CrO,, thus agreeing with Glasner and Steinberg’s work,’ and not HCrO, 
as originally claimed by Glasner.” The predominant equilibrium in dilute 
aqueous solution is 

HCrO, + 2H,0, + H* =~ Cr0O, + 3H,O 
with an equilibrium constant of 5-4 x 10’ at 10° and ionic strength 0-09. 

A stable 1: 10-phenanthroline-perchromic acid complex has been 
prepared whose analysis provides additional evidence for the formula CrO;. 

The infrared spectra of the pyridine—- and the 1: 10-phenanthroline— 
perchromic acid complexes are also consistent with this formula. 

Analysis of the brown peroxide CrO,,3NH, indicates that it is a diperoxide 
of quadrivalent chromium, in agreement with previous magnetic evidence, 
and not a monoperoxide of sexavalent chromium. 


THERE has been considerable controversy concerning the composition of the well-known 
blue perchromic acid which is obtained on treating acidic solutions of chromates with 
hydrogen peroxide.2 This compound quickly decomposes in aqueous solution, but can 
be extracted into organic solvents such as ethers, esters, alcohols, ketones, and nitriles, 
and these solutions are much more stable. If an ethereal solution is treated with organic 
bases such as pyridine, relatively stable solid adducts are obtained. 

The early analytical work of Riesenfeld and his collaborators* indicated that the 
pyridine complex was C;H;N,HCrO,, corresponding to HCrO, for the acid. However, 
Schwarz and Giese decomposed the pyridine complex with sulphuric acid and the blue 
ethereal solution of perchromic acid with silver oxide; they measured the amount of 
oxygen evolved in both cases, and also treated the pyridine complex with permanganate. 
Their results agreed much more closely with the alternative formula CrO,, a diperoxide 
of sexavalent chromium. Further evidence for this formulation is provided by (1) the 
thermochemical and spectrophotometric work of Riveng 5 and Rumpf ® which indicates 
that the blue perchromic acid is formed from two molecules of hydrogen peroxide and one 
molecule of chromate, and (2) the small paramagnetic moment of the pyridine complex 
at room temperature,’ which is much less than that expected for one unpaired electron, 
and is similar to, though rather larger than, that shown by the chromates themselves 
(temperature-independent paramagnetism). 

Glasner,!” by means of a filter photometer, studied the equilibrium between hydrogen 
peroxide, chromic acid, and blue perchromic acid in alcoholic solution at 0°, and concluded 
that the last compound is formed from one molecule of chromic acid and 1} molecules of 
hydrogen peroxide, and hence is HCrO;. We have now studied the problem in a variety 
of ways, all of which indicate that the basic formula of blue perchromic acid is in fact 
CrO,, as has very recently been shown also by Glasner and Steinberg.’* 


1 (a) Glasner and Steinberg, J., 1957, 2569; (b) Glasner, J., 1950, 2795. 

2 Sidgwick, “‘ The Chemical Elements and Their Compounds,” Oxford Univ. Press, 1950, 1006. 

3 Riesenfeld, Ber., 1908, 41, 3946. 

« Schwarz and Giese, Ber., 1932, 65, 871. 

§ Rivenq, Bull. Soc. chim. France, 1945, 12, 283. 

* Rumpf, Ann. Chim. (France), 1937, 8, 456. 

7 (a) Bhatnagar, Prakash, and Hamid, J., 1938, 1428; (6) Asmussen, “‘ Magnetochemical Investig- 
ations of Inorganic Complexes,” J. Gjellerups, Copenhagen, 1944, 129 e¢ seq.; (c) Klemm and Werth, 
Z. anorg. Chem., 1933, 216, 127. 
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EXPERIMENTAL 


Materials.—‘‘ AnalaR’’ potassium dichromate, hydrogen peroxide (100 vol.), and per- 
chloric acid (72%) were used. Sodium chromate was recrystallised from water. In any 
series of experiments the ionic strength was kept approximately constant by the addition, if 
necessary, of sodium perchlorate. 

The pyridine complex of perchromic acid was prepared by Wiede’s method,’ and dried in 
a vacuum desiccator (H,SO,) for several days to remove the last traces of pyridine which 
seem to be tenaciously retained (Found: Cr, 24-4. Calc. for C;H;N,CrO,;: Cr, 24-7%). A few 
days later the sample exploded spontaneously. 

The 1: 10-phenanthroline complex was obtained similarly by adding saturated ethereal 
1: 10-phenanthroline to a cooled solution of perchromic acid in ether. The light blue powder 
was filtered off, thoroughly washed with ether, and dried in a vacuum desiccator (H,SO,) 
(Found: C, 47-3, 47-1; H, 2-69, 2-63; N, 9-15, 9-4; Cr, 16-1. C,.H,N,,CrO, requires C, 46-1; 
H, 2-58; N, 9-0; Cr, 16-7. C,,H,N,,HCrO; requires H, 2-88%). Unlike the pyridine complex 
it is stable for a long time at room temperature, non-explosive, and almost insoluble in most 
organic solvents. It is appreciably soluble in acetone and the solution can be boiled without 


Fic. 1. 


A, Metal base plate to fit spectrometer 5 cm. cell compartment. 

B, B’, Fused silica windows. 

C, Copper frame to hold stoppered cell. A little Silicone grease provides good 
thermal contact and a sliver of cork holds the stopper in place. The 
stoppered cell is vacuum-tight, and hence no evaporation can occur when 
the assembly is evacuated. 

D, E, B.34 socket and cone, silvered internally. 

F, Brass Dewar flask. 

G, Copper-constantan thermocouple. 

H, Copper block to increase heat capacity. 

I, Unicam 1 cm. stoppered cell. 

J, Hollow stopper. 


All glass—metal and glass-silica joints were made with “ Araldite.” 








undue decomposition. However, it resembles the pyridine complex in reacting with concen- 
trated sulphuric acid, to give oxygen and Cr**, and with (boiling) alkali, to give oxygen and 
CrO,*-. 

CrO,,3NH, was prepared by Riesenfeld’s ® method (Found: Cr, 31-3. Calc. for CrO,,3NH;,: 
Cr, 31:1%). It was analysed for peroxidic groups by addition to excess of dilute potassium 
permanganate solution (3N in H,SO,). Similar results were obtained in both the presence and 
absence of traces of manganous sulphate and ammonium molybdate as catalysts. When all 
the solid had dissolved, ferrous sulphate solution was added, and the excess back-titrated with 
potassium permanganate. 

Some difficulty was experienced in determining separately the Cr¥! produced in the presence 
of excess of permanganate, Cr**, and Mn**. Eventually a more convenient modification of 
Fales and Roller’s ® method was used. The solution obtained after the CrO,,3NH, had 
dissolved was diluted with an equal volume of water, potassium bromide solution added, and 
the bromine liberated by the permanganate removed with excess of phenol. The residual 
dichromate was then estimated iodometrically as usual. Blank tests showed that this method 
was quite accurate even in the presence of a large excess of permanganate. 

Spectroscopic Measurements.—Ultraviolet and visible spectroscopic measurements were 
made on a Unicam S.P. 500 spectrophotometer with cells of length 2 mm.—4 cm. 

Low-temperature spectra. The low-temperature cell shown in Fig. 1 is an adaptation of 
the well-known conduction-cooling type. Standard ‘‘ Unicam’’ 1 cm. stoppered silica cells 
are used, and the stopper greased with Silicone grease (for polar solvents such as methyl alcohol 
or water) or glycerol-based greases such as glycerol—mannitol—dextrin !1 (for non-polar solvents). 
The low-temperature spectrum of blue perchromic acid was studied in 87% (v/v) methyl 


® Wiede, Ber., 1897, 30, 2178. 

* Riesenfeld, Ber., 1905, 38, 4068. 

10 Fales and Roller, J. Amer. Chem. Soc., 1929, 51, 345. 

41 Meloche and Fredrick, J. Amer. Chem. Soc., 1932, 54, 3264. 
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alcohol-water (0-1M in perchloric acid). The stopper contained a known volume (0-13 c.c.) 
of a freshly prepared methyl-alcoholic solution of sodium chromate, and the hydrogen peroxide 
and perchloric acid solution was placed in the silica absorption cell. After the apparatus had 
been pumped out and cooled to about —40° with liquid air, the two solutions were mixed by 
inverting the whole assembly several times and shaking. The blue colour slowly formed, and 
after a few minutes the optical density at —40° remained constant to within 1% for at least 1 hr. 
The solution was still fluid, though very viscous, at —120°. Corrections were applied for the 
absorption of the alcohol and for the contraction of the solution on cooling. The temperature 
of the cell was kept constant +2° by additions of liquid air. After eva. uation for a few 
minutes with a mercury-vapour pump, the apparatus could be removed from the vacuum 
line and spectroscopic measurements carried out for several hours without repumping. Blank 
tests showed that the temperature of the solution was within 1° c of that of the copper framework, 
even at —183° (liquid-oxygen cooling). 

Rapid spectrophotometric measurements. Owing to the instability of perchromic acid in 
aqueous solution at 10°, it was necessary to read the optical density of the solution as soon as 
possible after mixing the reactants, and at definite intervals shortly afterwards. The readings 
were then extrapolated back to the time of mixing (the formation of the blue compound is 
virtually instantaneous at 10°). A small correction was applied for the absorption of the Cr3* 
produced. 

In practice, a cell containing an acidified solution of potassium dichromate and a perforated 
Polythene paddle-type stirrer was placed in a cell holder at 10° + 0-3°. A known small volume 
of hydrogen peroxide was quickly squirted in from a constant-volume pipette, the stirrer 
removed, and the optical density of the solution at 5800 A recorded. A reading could be taken 
within 10 sec. of first adding the hydrogen peroxide. The subsequent optical densities were 


Fie. 2. 





800 


600 


w 400 


200 














4000 6000 8000 


° 
Wavelength ( A) 
A, CrO, in ether at 10°. 
B, Py,CrO, in benzene at ca. 22°. 
C, CrO, in 87% methyl alcohol at —40°. 
D, CrO, in 87% methyl alcohol at —120°. 
E, 1: 10-Phenanthroline,CrO, in acetone at ca. 22°. 


obtained by setting the transmission dial at various values, and recording the times at which 
the meter needle crossed the zero. In general, except for very fast or slow reactions, the 
random errors in any one run did not usually exceed 0-001 unit in optical density and 0-5 sec. 
in time. Good first-order plots were normally obtained for the initial part of the reaction. 
The molar extinction coefficient of perchromic acid at 5800 A was found by steadily increasing 
the concentration of hydrogen peroxide. At ratios of [H,O,]/[Cr¥"] of about 10: 1 or greater 
a constant value of 500 was obtained. As Beer’s law was obeyed (+1%) over a wide range 
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of concentration, the initial concentration of perchromic acid in any solution could easily be 
calculated. The absorption of the HCrO,~ ion at 5800 A is extremely small. 


RESULTS AND DISCUSSION 

Formula of Perchromic Acid.—(i) Job’s method of continuous variations. The inter- 
action of hydrogen peroxide and Cr’! was first studied at —40° in 87% methyl alcohol- 
water (0-1m in perchloric acid). The absorption spectrum of perchromic acid under these 
conditions is shown in Fig. 2, and optical-density measurements were made at 5800 and 
7300 A. Unfortunately both monomeric and dimeric species are present in aqueous 
acidic solutions of chromates 1*14 (predominantly the HCrO,- and Cr,0,?~ ions in not- 
too-acid solutions), and this is presumably also true in alcoholic solutions. This point, 
incidentally, was neglected in earlier work by Glasner.1* However, the equilibrium 
constant for the formation of perchromic acid is so high at —40° that well-defined maxima 
at [H,O,]/[Cr”"] ratios of approximately 2:1 were obtained on plotting optical density 
against this function, either entirely monomeric or entirely dimeric species being assumed. 
The basic’ formula CrO, requires [H,O,]/[Cr"] to be 2:1, and the alternative formula 
HCr0O, 1-5: 1. 

(ii) Aqueous equilibria. It is theoretically more satisfactory to work with aqueous 
solutions, since the equilibrium 2HCrO, == Cr,0,*- + H,O has been carefully 
studied 1%-14 and it is possible to work under conditions where the predominant species is 
the HCrO, ion. Also, the equilibrium constant for the formation of perchromic acid is 
much smaller, and can therefore be more easily evaluated. The practical difficulty 
arising from the much more rapid decomposition of perchromic acid in aqueous solution 
at 10° was largely overcome by using our extrapolation procedure. 

The results so obtained for various concentrations of Cr’, H,O,, and H+ 
are shown in the Table for ionic strength 0-09. Equilibrium “constants” were 
calculated by assuming either CrO,; (K, = [CrO,]/{{H,O,)*{HCrO,~)[H*}}) or HCrO; 
(K, = [HCrO,)}/{{H,O,)]?(HCrO,-}[H*}}) as the basic formula of perchromic acid, and 
are given in the last two columns. The average values, with the standard deviations, are 


103(Cr¥7) 10°[H,0,] 107(H*} 10%[perchromic 
initial (m) initial (m) final (Mm) acid] (M) 10-°K, 10K, 
; ia 0-267 
0-696 1-392 1-73 band 5-3, 1-25 
0-696 1-392 3-48 0-342 5-7, 1-12 
0-696 2-09 3-47 0-487 5-5, 1-40 
0-348 1-052 3-50 0-167 5-35 1-21 
0-928 1-856 3-47 0-518 5-7, 1-08 
0-889 
1-392 2-79 3-43 (cone 5-64 1-02 
0-464 0-928 3-50 0-173 5-2, 1-03 
0-696 2-79 3-47 0-574 Bly 1-63 
0-464 1-392 3-49 0-266 5-35 1-27 
0-696 0-696 3-50 0-150 5-3, 0-82, 


10°°K, = 5-44 + 0-23 and 10°K, = 1-18 + 0-22. Corrections were applied to allow 
for the presence of Cr,0,?- ions, the data of Tong and King ?* and Davies and Prue ™ 
(extrapolated to 10°) being used. Although these corrections are known only very 
approximately, since they were never greater than about 10% no serious errors are involved. 

It can be seen that much more satisfactory equilibrium “ constants ’’’ are obtained 
when it is assumed that the formula of blue perchromic acid is CrO;._ The scatter of the 
values is no greater than would be expected from the errors involved in the measurement 
of [CrO,], especially since the equilibrium constants are normally rather sensitive to this 
quantity. 

12 Vosburgh and Cooper, J. Amer. Chem. Soc., 1941, 68, 437. 


1? Tong and King, J]. Amer. Chem. Soc., 1953, 75, 6180. 
'™ Davies and Prue, Trans. Faraday Soc., 1955, 51, 1045. 
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(iii) Analysis of the 1: 10-phenanthroline complex. It is very difficult to make an 
accurate hydrogen analysis of the pyridine complex of perchromic acid, because of its 
extreme instability (Wiede’s analysis ® indicated slightly more hydrogen than corresponds 
to Py,HCrO,). For the 1: 10-phenanthroline complex, prepared in the hope that it 
would prove to be more stable, it was in fact found that hydrogen, carbon, and nitrogen 
analyses could be carried out normally, the hydrogen analysis agreeing more closely with 
the formula C,,.H,N,,CrO, than with C,,H,N,,HCrO;. It is also significant that the H, C, 
and N analyses are all slightly high, and the Cr analysis slightly low, probably owing to 
slight contamination with excess of 1:10 phenanthroline; in agreement with this the 
ratios H/C and H/N are almost exactly those in 1 : 10-phenanthroline (Found: H/C, 0-0563 ; 
H/N, 0-288. Calc. for C,,H,N,: H/C, 0-0560; H/N, 0-288). 

(iv) Infrared spectra. The infrared spectra of the pyridine and 1 : 10-phenanthroline com- 
plexes, and also of pyridinium nitrate (PyH*NO,~) and Ag(Py) .NO,, were measured in Nujol 
or hexachlorobutadiene mulls over the region 2—15u. Ifthe basic formula of perchromicacid 
is HCrO,, then the pyridine and the 1: 10-phenanthroline complex will almost certainly * 
contain either an OH or an N*—-H group. However, in the region 2—4 pu the infrared spec- 
trum of the pyridine complex closely resembled those of pyridine itself and also Ag(Py) ,NO3, 
and was very different from that found for pyridinium nitrate. The very broad N*—H 
band around 3-5 » shown by the latter compound, and also any band that could be assigned 
to an O-—H stretching frequency, were both absent. Similarly the spectrum of the 
1 : 10-phenanthroline complex around 3 u was very similar to that of 1 : 10-phenanthroline 
itself. These results therefore provide additional evidence for the basic formula CrO;. 

Ultraviolet and Visible Spectra.—The ultraviolet and visible spectra of CrO, and its 
derivatives under various conditions are shown in Fig. 1. Except for the 1 : 10-phenan- 
throline complex the spectra are very similar, with two maxima (e = 500) at about 5800 A 
and 7500 A. Maxima at 5800 A and ~7500 A were also observed by Glasner and Stein- 
berg 1® for CrO, dissolved in ethyl acetate. 

It is noteworthy that the peroxides of other transition metals in Groups IV, V, and VI 
such as Ti, V, Nb, and Mo have absorption bands with molar extinction coefficients of the 
same order of magnitude (~10*). These bands are intermediate in intensity between the 
very weak ones associated with d-d transitions [e.g., Cu(H,O),2*], and the very strong ones 
which are normally regarded as essentially charge-transfer in type (e.g., FeCNS?*).27_ It 
seems likely that appreciable charge-transfer (from the O, group to the metal atom) is 
involved, since for the peroxides of Group IV, V, and VI elements there is a fairly good 
correlation between the position of the absorption maximum and the oxidising power of 
the metal valency state involved. 


mT M=O0—6 <> M—O—O oc 3NH, (O,),Cr=0,3NH, 
(I) (1) qui) (Iv) 


Structure of Perchromic Acid.—The peroxide grouping in CrO,; and other transition- 
metal peroxides is frequently written as (I).1® It was pointed out by Sidgwick? that 
this structure involves considerable strain, and he accordingly suggested an alternative 
formulation (II). However, the structure of the red peroxide K,Cr%O, has been examined 
by X-ray diffraction (powder photograph).1® The four O, groups are arranged round the 
central chromium atom in a manner reasonably consistent with structure (I) but not with 
structure (II), although the formation of 8 covalent bonds by chromium seems very 

* It is just possible that a hydrogen atom could be associated with the metal atom, as in Co(CO,),H 
and similar compounds.'§ 


15 Cotton and Wilkinson, Chem. and Ind., 1956, 1305. 

16 Glasner and Steinberg, Analyt. Chem., 1955, 27, 2008. 

17 Orgel, Quart. Rev., 1954, 8, 422. 

18 Barnett and Wilson, “‘ Inorganic Chemistry,’’ Longmans, London, 1953, p. 421. 
19 Wilson, Arkiv Kemi, Min., Geo., 1942, 15, B, No. 5. 








4018 Potts and Smith: 


unlikely. Clearly, an accurate X-ray analysis of a peroxide such as Py,CrO; would be of 
considerable interest. 

The nature of the bonding between the two components in Py,CrO, is also not known. 
This compound is normally written? as Py>CrO,, with a co-ordinate link between the 
pyridine and the central chromium atom. It seems more likely, however, that it is merely 
a particularly strong Lewis acid-Lewis base (donor-acceptor) type of complex,”° in which 
the CrO, group as a whole acts as acceptor. It is significant that all the organic solvents 
in which CrO, is soluble can function as Lewis bases. 

Structure of CrOy,3NH;.—This compound can be obtained as stable brown crystals 
from ammoniacal solutions of chromates in the presence of hydrogen peroxide, and several 
derivatives such as K,[CrO,(CN),] are known.®?! It is sometimes formulated as a mono- 
peroxide (III) of sexavalent chromium, although magnetic measurements ™? indicate 
the presence of two unpaired electrons, as expected for a diperoxide (IV) of quadrivalent 
chromium. 

Decomposition of the peroxide group(s) with excess of acid permanganate should 
increase the oxidising capacity of the solution relative to ferrous ion by 1 equiv. per mole 
if formula (III) is correct, and decrease it by 3 equiv. if formula (IV) is correct. In three 
separate experiments, decreases of 2-92, 2-96, and 2-87 equiv. per mole were obtained, 
in good agreement with formula (IV). If the quadrivalent chromium merely dispropor- 
tionated and did not react with the peroxide groups, § mole of Cr™ and 4 mole of Cr¥! 
would be produced. Analysis of the solution after decomposition of the excess of perman- 
ganate, however, indicated only about one third of the expected Cr’". This is clearly 
due to preferential reaction between the peroxide groups and the quadrivalent chromium 
in the acid solution, but will not affect the conclusions above. 

The possibility that CrO,,3NH, contains chromium atoms in two different valency 
states (Cr™ and Cr¥‘), while not excluded by these measurements, seems very unlikely 
in view of its reactions and those of its derivatives. Moreover, this formulation agrees 
poorly with the magnetic evidence. 

A fair number of quadrivalent chromium compounds are now known. Their com- 
parative rarity can be attributed to the ready disproportionation into Cr™! and Cr¥! 
which can occur, and which is probably largely due to the great stability of Cr™ complexes. 


The author thanks the University of Oxford for an Imperial Chemical Industries Limited 
Research Fellowship, and Dr. F. B. Strauss for advice regarding the infrared spectra. 
INORGANIC CHEMISTRY LABORATORY, OXFORD. [Received, May 14th, 1957.] 


20 Mulliken, J. Phys. Chem., 1952, 56, 801. 
*1 Wiede, Ber., 1899, 32, 378. 





797. The Structure of Pyrrole Trimer. 
By H. A. Potts and G. F. Situ. 


Structure (I), proposed for pyrrole trimer in 1923 by Pieroni and Moggi, is 
confirmed by degradation. 


THE structure of pyrrole trimer, a compound first obtained by Dennstedt and his 
collaborators } by the action of aqueous hydrochloric acid on pyrrole, has not been satis- 
factorily settled. Of the five structures proposed,?* only (I), proposed by Pieroni and 

1 Dennstedt and Zimmermann, Ber., 1887, 20, 857; ibid., 1888, 21, 1478; Dennstedt and Voigt- 
lander, Ber., 1894, 27, 476. 

* Ciamician and Zanetti, Ber., 1893, 26, 1711. 

* Tchelinzev, Tronov, and Voskressenski, J. Russ. Phys. Chem. Soc., 1915, 47, 1224. 

* Pieroni and Moggi, Gazzetta, 1923, 58, 120. 

5 Tronov and Popov, J. Russ. Phys. Chem. Soc., 1926, 58, 745. 


os * “ Organic Chemistry of Nitrogen,”’ Sidgwick, revised by Taylor and Baker, Oxford Univ. Press, 
7, p. 487. 
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Moggi,* seems plausible. This structure, which has been adversely criticised by Tronov 
and Popov ® and by Taylor and Baker,* was based only on the formation of succinic 
acid by chromic acid oxidation ; we therefore carried out a degradation of pyrrole trimer to 
establish its structure. 

The presence of two unconjugated pyrrole nuclei in the molecule was clearly demon- 
strated by the ultraviolet absorption [single band at 219 my (e 17,500)]. Pyrrole trimer 
formed a neutral monoacetyl derivative, whose ultraviolet absorption was practically 
identical (Amex. 217 my, ¢ 17,500) with that of the parent base: this indicates a primary or 


l pal pal y U Viwgcml J 
) 4 N HN N N 


H H (If) 
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secondary amino-group out of conjugation with the pyrrole nuclei. Pyrrole trimer also 
forms a quaternary methiodide in good yield, whose ultraviolet absorption spectrum 
(Amax. 230 mu, ¢ 27,000) is appreciably different from that of the trimer; similar increase in 
the value of « with change of position of the Amax. has been observed in the quaternisation 
of the dimers of indole and skatole.? The formula, C,,H,)N3I, of the quaternary iodide 
from pyrrole trimer showed that two methyl groups had been introduced, and strongly 
suggested that the basic nitrogen of pyrrole trimer is secondary. Hofmann degradation 
of the quaternary hydroxide failed to yield a homogeneous product, but sodium 
in dry liquid ammonia effected practically quantitative hydrogenolysis to give a 
crystalline base, C,,H,,N3, whose ultra-violet absorption again indicated the presence of 
two pyrrole nuclei (Amax. 215, «, 16,000). That this base has structure (II; R = NMe,) 
was demonstrated by oxidation with chromic acid to a mixture of succinic and glutaric 
acids, and by catalytic hydrogenolysis, best with Raney nickel,§ to a neutral com- 
pound, C,,H,,N,, shown by mixed melting-point and by comparison of infrared and 
ultraviolet spectra to be identical with 1 : 4-di-2’-pyrrolylbutane (II; R =H), pre- 
pared by the reduction with lithium aluminium hydride of 1 : 4-di-2’-pyrrolylbutane- 
1 : 4-dione. 

Degradation to the butane (II; R = H) proves that pyrrole trimer has structure (I). 

A mechanism for the formation of the trimer (I), analogous to that suggested for the 
dimerisation of indole,® is very likely: this would involve C-protonation of pyrrole as the 
first step to give a strongly electrophilic cation, which attacks an unprotonated pyrrole 
molecule. C-Protonation of pyrrole can occur in two ways to give cation (III) or (IV). 


pasQ 


+ 
N r 
H H (IV) 





(111) 


The well-known «-reactivity of pyrrole suggests that cation (III) will predominate. That 
the concentration of cation (IV), however, will not be negligible, is indicated by the 
recent observation by Anderson ? that the mononitropyrrole formed by nitration of pyrrole 
with nitric acid—acetic anhydride contains 7% of the 8-isomer. 

Cation (III), being predominant, might be expected to be involved in formation of the 
trimer. However, it is not possible to devise a plausible reaction sequence which leads 


? Hodson and Smith, unpublished work. 

® Treibs and Zinsmeister, Ber., 1957, 90, 87. 
® Smith, Chem. and Ind., 1954, 1451. 

10 Anderson, Canad. J. Chem., 1957, 35, 21. 
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from cation (III) to trimer (I). On the other hand, cation (IV) leads to trimer (I) in a 
straightforward and plausible manner: 


Ph O-O sO Ag 
os OLOIGI 
H 7 Sw H (VY) 


It follows that cation (IV) must be a much more powerfully electrophilic reagent 
than (ITI). 

Under the acid conditions of the polymerisation, the trimer (I) is immediately proton- 
ated to (V), making isolation of the trimer possible, for the formal positive charge on the 
pyrrolidine nitrogen lowers the susceptibility of the pyrrole nuclei to further protonation, 

















(I ;R=NMe,) the Cn —> 
2 CH, 
ae vt) 
NJ CH, 


and thus considerably slows further reaction. The failure of gramine and tryptamine 
to dimerise in aqueous acid, whereas $-propylindole dimerises rapidly, provides an 
analogy." 

An interesting reaction was observed in an attempt to prepare the methiodide of the 
amine (II; R = NMe,): the base reacts with methyl iodide at room temperature, best in 
the presence of anhydrous potassium carbonate, to give trimethylamine, tetramethy]l- 
ammonium iodide, and a neutral compound, C,,H,,N,, whose ultraviolet absorption 
(Amax. 216 mu, ¢ 16,000) again indicates two unconjugated pyrrole nuclei. This, and the 
formation of succinic and glutaric acids on oxidation with chromic acid, leads to its being 
formulated as (VI). Its formation is similar to the last step in the trimerisation of indole.® 


Pyrrole 
+ NH; | -~> + 
indole 





 —> ees OF = 
N N 


N . 
_ H MH H (VII) 





Pyrrole trimer breaks down on pyrolysis into pyrrole, indole, and ammonia:? this can 
be accounted for quite easily in terms of structure (I). The break-down of the pyrrolyl- 
indole (VII) into pyrrole and indole finds a close analogy in the pyrolysis of indole dimer 
into 2 molecules of indole.!? 


11 Hodson, Smith, and Walters, unpublished work. 
12 Schmitz-DuMont and Nicolojannis, Ber., 1930, 68, 323. 
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EXPERIMENTAL 
M. p.s are corrected, 


Pyrrole Trimery.—Dennstedt’s method ? has been simplified. A mixture of freshly distilled 
pyrrole (25 g.) and 20% aqueous hydrochloric acid (100 c.c.), added at 0°, was swirled vigorously 
for 30 sec., then poured on an excess of aqueous ammonia-~ice, and immediately extracted with 
ether (2 x 100c.c.). The ether extract gave the pyrrole trimer (10-5 g.), m. p. 99—100° (from 
ether). We never obtained the higher-melting material (m. p. 120°) reported by Dennstedt ? 
and by Pieroni and Moggi. 

Methylpyrrole Trimer Methiodide.—Methy]l iodide (1 c.c.), saturated aqueous potassium 
hydrogen carbonate (1 c.c.), and pyrrole trimer (212 mg.) were shaken for 1-5 hr. The 
methiodide was filtered off and washed with water (277 mg.; 72%); it had m. p. 165—170° 
(decomp.) (from ethanol) (Found: C, 46-9; H, 5-8; N, 11-75. C,,H, NI requires C, 47-05; H, 
5-9; N, 11-75%). 

1-Dimethylamino-1 : 4-di-2’-pyrrolylbutane (II1; R = NMe,).—To the above methiodide 
(3-57 g.) in dry liquid ammonia (100 c.c.) sodium was added until the deep blue colour persisted. 
The excess of sodium was then destroyed by ammonium chloride, the ammonia boiled off, and 
the residue partitioned between water and ether. The ether extract gave practically pure 
1-dimethylamino-1 : 4-di-2’-pyrrolylbutane (2-28 g.; quantitative yield), m. p. 83—85° (Found: 
C, 73-5; H, 8-9; N, 17-9. C,,H,,N; requires C, 72-8; H, 9-1; N, 18-1%). No suitable solvent 
was found for further purification. 

1 : 4-Di-2’-pyrrolylbutane (II; R = H).—(a) The base (II; R = NMe,) (310 mg.) was 
hydrogenated in ethanol (100 c.c.) at 100 atm. and 80° in the presence of Raney nickel (0-5 g. 
approx.) for 4 hr. The ether-soluble material (210 mg.) was put on an alumina column and 
eluted with benzene: the first few fractions were non-crystalline and were rejected; the main 
fraction (116 mg.) consisted of 1 : 4-di-2-pyrrolylbutane, m. p. 104—105° (Found: C, 75-4; H, 
8-6. C,,H,,N, requires C, 76-55; H, 8-6%). 

(0) A suspension of 1 : 4-di-2’-pyrrolylbutane-1 : 4-dione 1% (1-024 g.) in ether (50 c.c.) was 
refluxed with excess of lithium aluminium hydride for 5 hr. The excess of reducing agent was 
destroyed by dropwise addition of water, and the whole partitioned between ether and 40% 
aqueous sodium hydroxide. The ether-soluble product (568 mg.) crystallised from benzene to 
give a compound, m. p. 128—130° (101 mg.) which contained hydroxyl groups (infrared) and 
was not investigated further. The benzene mother-liquor was chromatographed on alumina 
with benzene as eluant; only 1: 4-di-2’-pyrrolylbutane, m. p. and mixed m. p. 104—105° 
(203 mg.) was eluted (Found: C, 75-6, 75-6, 75-5; H, 8-55, 8-3, 8-5; N, 14-8. Calc. for C,,H,,N,: 
C, 76-55; H, 8-6; N, 149%). We cannot explain the fact that both the product obtained 
from (II; R = NMe,) and that obtained from the dipyrrolylbutanedione should give analytical 
results for carbon about 1% low: this corresponds to about 0-12 atom of oxygen per molecule, 
which cannot be due to water or hydroxyl group (infrared spectrum) or to carbonyl] [since the 
products have identical infrared spectra, and that derived from (II; R = NMe,) cannot 
possibly contain a carbonyl group]. 

4:5:6: 7-Tetrahydro-4-2’-pyrrolylindole (V1).—To the base (II; R = NMe,) (177 mg.) in 
dry acetone (20 c.c.) were added anhydrous potassium carbonate (200 mg.) and methyl iodide 
(1 c.c.). After 3 hours’ refluxing the solvents were removed under reduced pressure, and the 
residue partitioned between ether and water. The ether extract gave 4: 5: 6: 7-tetrvahydro-4-2’- 
pyrrolylindole (126 mg., practically quantitative yield), m. p. 131—132° (from benzene) (Found: 
C, 77-4; H, 7-6; N, 14-9. C,,H,,N, requires C, 77-4; H, 7-5; N, 15-05%). 

Oxidation of 1-Dimethylamino-1 : 4-di-2’-pyrrolylbutane (Il; R = NMe,).—A mixture of the 
base (295 mg.) and a solution of sodium dichromate (0-25 g.) in 50% aqueous sulphuric acid 
(5 c.c.) was heated on the steam-bath for 1 hr. After reduction of the excess of chromic acid 
with sodium sulphite, the mixture was extracted with ether (3 x 25 .c.c.). Crystallisation of 
the extract from ether yielded first succinic acid, m. p. and mixed m. p. 184—185° (42-5 mg.), 
and then glutaric acid, m. p. and mixed m. p. 97—98° (19 mg.). 

Oxidation of 4: 5:6: 7-Tetrahydro-4-2’-pyrrolylindole (V1).—The compound (203 mg.) was 
oxidised with chromic-sulphuric as above, and a small portion of the ether-soluble product 
chromatographed on Whatman No. 1 paper, with aqueous ethanolic ammonia as the moving 
phase. The main spots corresponded with succinic and glutaric acids. 


13 Godnev and Narishkin, J. prakt. Chem., 1929, 121, 369. 
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Acetylpyrrole Trimer.—A solution of pyrrole trimer (256 mg.) in acetic anhydride (1 c.c.) 
was left overnight at room temperature, then warmed on the steam-bath for 5 min. The 
excess of acetic anhydride was boiled off under reduced pressure, and the residue crystallised 
from ethanol; pure acetylpyrrole trimer (193 mg.), m. p. 174—193° (decomp.), was obtained 
(Found: C, 68-8; H, 7-15; N, 16-8. C,,H,,ON, requires C, 69-15; H, 7-05; N, 17-3%). 


We are indebted to the D.S.I.R. for a Maintenance Award (to H. A. P.). The microanalyses 
were carried out by Mr. E. S. Morton. 


DEPARTMENT OF CHEMISTRY, THE UNIVERSITY, 
MANCHESTER, 13. [Received, May 16th, 1957.]} 
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Benzopentalene (cycloPent{a]indene). 


By Witson BAKER, J. F. W. McOmig, and T. L. V. ULsricut. 


Further study of fluorosulphonic acid as a cyclodehydrating agent has 
shown that it is most active when it contains sulphur trioxide, and this has 
led to an improvement in the preparation of the diketone (III) from the acid 
(II). The action of phosphorus pentachloride on this ketone gave the 
dichlorodiene (V). Attempts to convert the dichlorodiene (V), or the 
diphenyldiene (IV), into the corresponding disubstituted benzopentalenes 
were unsuccessful. 


RECORDED experiments in this series of papers directed towards the synthesis of benzo- 
pentalene (cyclopent[a}indene) (I), or simple derivatives thereof, have led to the preparation, 
amongst other compounds, of 3: 4: 5:6: 7: 8-hexahydro-3 : 6-dioxobenzopentalene (III) 
and of 4: 5-dihydro-3 : 6-diphenylbenzopentalene (IV).1 Further work on compounds 
(III) and (IV) is now recorded. 

The yields of the diketone (III) obtained by cyclisation of 3-oxo-2-phenylcyclopentane- 
1-carboxylic acid (II) with technical fluorosulphonic acid 1+? were found to be very variable. 
The effectiveness of fluorosulphonic acid has now been found to be due in part to the fact 
that the commercial acid contains varying amounts of free sulphur trioxide, the optimum 
amount being about 2-5% (w/v). The cyclisation proceeds best in carbon disulphide 
solution. 

The preparation of 4 : 5-dihydro-3 : 6-diphenylbenzopentalene (IV) from the diketone 
(III) has been improved, and attempts have been made to dehydrogenate it to 3 : 6-di- 
phenylbenzopentalene. These included catalytic and transfer dehydrogenation,’ and 
heating with chloranil, dehydroindigo, ethylene—platinous chloride, lead tetra-acetate, 
selenium dioxide, or sulphuryl chloride. Direct bromination of (IV) gave a trace of 
a monobromo-compound, probably 4(or 5)-bromo-4: 5-dihydro-3 : 6-diphenylbenzo- 
pentalene. Reaction of (IV) with N-bromosuccinimide followed by treatment with 
NN-dimethylaniline gave a dimeric halogen-free compound whose ultraviolet and visible 
absorption spectra are very similar to those of the starting material (see Table) and suggest 
that the product is di[4 : 5-dihydro-3 : 6-diphenylbenzopentalene-4(or 5)-yl]. 

Reaction of phosphorus pentachloride with the diketone (III) in benzene solution gave 
a yellow product, C,,H,Cl,, which from its method of formation and colour would be 
expected to be the most stable of the eleven theoretically possible isomeric 3 : 6-dichloro- 
dihydrobenzopentalenes, namely, 3 : 6-dichloro-4 : 5-dihydrobenzopentalene (V), a com- 
pound which is in effect a benzofulvene. This expectation is very strongly supported by 
the fact that the dichloro-compound shows principal ultraviolet absorption maxima at 

1 Part IV, Baker, Glockling, and McOmie, J., 1951, 3357. 


* Baker, Coates, and Glockling, J., 1951, 1376. 
* Blood and Linstead, J., 1952, 2255. 
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263-5 (logy) ¢ 4:42) and 302-2 my (log,,)¢ 3-69), corresponding very closely to the recorded 
maxima for the 6 : 6-dimethyl-2 : 3-benzofulvene (VI) at 261 (log,,¢ 4:41) and 308 my 
(logy9 ¢ 3-80). All the other isomers would be expected to absorb at appreciably shorter 
wavelengths. The possibility that the 7 : 8-bond has broken, to give 2 : 5-dichlorobenzo- 
cyclooctatetraene, is excluded by the fact that the infrared spectrum of the dichloro- 
compound, determined in carbon tetrachloride, showed strong bands at 2846 and 2925 


te & Os Des 


( (III) (IV) 


(VI) (VII) (VIII) 








Cl, A cl 
a 


Ap 


cm.~!, corresponding to those expected 5 for saturated methylene groups, #.e., 2853 and 
2926 + 10 cm.-. 

When the diketone (III) and phosphorus pentachloride were allowed to react under 
more vigorous conditions and the product was boiled with ethanolic potassium acetate, 
two products were isolated, a trichloro-compound, C,,H,OCI,, and a high-melting, 
apparently dimeric substance, Cy,H44-;gCle, of unestablished structure. The trichloro- 
compound shows infrared absorption bands of medium intensity at 1585 and 1600 and a 
strong band at 1721 cm.-', showing the presence of a carbonyl group adjacent to the 
benzene ring,® and it is therefore probably 6: 6: 7(or 8)-trichloro-3 : 4: 5: 6: 7 : 8-hexa- 
hydro-3-oxobenzopentalene (VII). 


Ultraviolet absorption spectra. 


Compound Solvent A(mp)  1logyo Emax. A(mp)  1logyo Emax. 

CE GARE (FF) cccccscscsncccsesssscesescosesecs EtOH 226 4-44 328-5 4-26 
291-5 4-38 410 3-71 
Diphenyl-diene dimeride ...................ssee000s Bu"0H 292 4-76 330 4-62 
420 4-19 
DORN GD eiicctetddiiiicintictnsines EtOH 232 4-05 291 3-69 
240-5 4-10 302-5 3-69 
263-5 4-42 314-5 3-56 
270 4-37 362 3-45 
Methoxydichloro-diene (VIII; R = OMe) ... EtOH 234 4-22 309 3-85 
241-5 4-29 321 3-77 
266 4-43 352 3-48 
Acetoxydichloro-diene (VIII; R = OAc)...... EtOH 232-5 4-20 303 3-84 
240-5 4-29 314-5 3-73 
263-5 4-57 360 3-46 

292-5 3-80 
Dichloro-compound CggHyj¢ or ygCle «-+-+000eeeeeee EtOH 258 4-54 325 3-91 
300 4-00 382 3-58 

312 3-98 


The dichloro-compound (V) is a promising intermediate for the synthesis of 3 : 6-di- 
chlorobenzopentalene. Treatment with N-bromosuccinimide, followed by recrystallisation 


* Pullman, Bull. Soc. chim. France, 1951, 18, 702. 
5 Bellamy, “ The Infra-Red Spectra of Complex Molecules,’’ Methuen, London, 1954. 
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of the product from methanol, gave a bromine-free methoxy-compound (VIII; R = OMe) 
whose light absorption (see Table) resembled that of the starting material. This substance 
probably arises by bromination at one of the two allylic positions 4 and 5, followed by 
replacement of the reactive bromine atom by a methoxyl group through interaction with 
the solvent. Attempts to isolate this intermediate bromo-compound (VIII; R = Br) 
were unsuccessful. Treatment of the crude product with potassium acetate yielded 
4(or 5)-acetoxy-3 : 6-dichloro-4 : 5-dihydrobenzopentalene (VIII; R = OAc), a remark- 
ably stable compound which could not be made to lose acetic acid. Attempts to prepare 
the related compounds (VIII; R = O-CMe,) and (VIII; R = O-SO,°C,H,Me-)) were 
unsuccessful. 

Benzopentalene (I) shows little if any tendency towards formation, and we conclude 
that it is probably not a stable, aromatic structure (cf. refs. 3 and 6 and the following 
paper). 


EXPERIMENTAL 


3:4:5:6:7: 8-Hexahydro-3 : 6-dioxobenzopentalene (III) (with J. HANcock).—Commercial 
fluorosulphonic acid was distilled, and the fraction of b. p. 162° shaken with a little water to 
hydrolyse any sulphur trioxide (fluorosul phonic acid is hydrolysed only slowly), and redistilled. 
The optimum conditions for cyclisation were as follows. To a rapidly stirred suspension of 
dried 3-oxo-2-phenylcyclopentane-l-carboxylic acid (II) (15 g.) in boiling carbon disulphide 
(75 ml.) was added fluorosulphonic acid [45 ml., containing 2-5% (w/v) of sulphur trioxide] 
as quickly as the vigorous reaction permitted. Heating was continued for 20 min., and the 
mixture was allowed to cool (rapid stirring). The solution was cautiously poured on crushed 
ice and extracted with ether (250 and 2 x 100 ml.). The combined extracts were washed with 
saturated potassium hydrogen carbonate solution, and yielded the diketone (III) (10 g., 73%), 
m. p. 86—88°. The potassium hydrogen carbonate solution yielded some keto-acid (ca. 1 g.). 

The diketone gave an orange bis-2 : 4-dinitrophenylhydrazone which, crystallised from acetic 
acid, had m. p. 277° (decomp.) (Found: C, 52-5; H, 3-3; N, 20-3. C,,H,,O,N, requires 
C, 52-7; H, 3-3; N, 20-5%). The piperonylidene derivative of the diketone, purified by chromato- 
graphy on alumina and by crystallisation from benzene—ethanol, formed yellow prisms, m. p. 
181—182° (Found: C, 75-4; H, 4-3; C, 9H,,O, requires C, 75-5; H, 4-4%). 

5:5: 7: 8(?)-Tetrabromo-3 :4:5:6: 7: 8-hexahydro-3 : 6-dioxobenzopentalene—A mixture 
of the diketone (III) (0-25 g.) and bromine (0-10 g.) in chloroform (10 ml.) was heated under 
reflux for 3 hr. After removal of solvent, the product was twice recrystallised from methanol, 
giving plates, m. p. 147—148° (Found: C, 28-5; H, 1-3; Br, 63-8. C,,H,O,Br, requires 
C, 28-7; H, 1-2; Br, 63-7%). 

4 : 5-Dihydro-3 : 6-diphenylbenzopentalene (IV).—The yield of the diphenyl compound (IV) 
from the diketone (III)? was raised from 52 to 74% by using an excess (3-2 mols.) of phenyl- 
magnesium bromide. The intermediate dihydroxy-diphenyl compound (1-0 g.) was heated 
with acetyl chloride (1-0 ml.) in pyridine (10 ml.) at 120° (oil-bath temp.) for 1 hr., and, after 
cooling to 50°, the mixture was added to 5n-hydrochloric acid (50 ml.), and the solid collected. 
Sublimation at 180°/0-5 mm. gave the compound (IV) (0-85 g., 95%), m. p. 180°. 

Bromination of 4: 5-Dihydro-3 : 6-diphenylbenzopentalene (IV).—(a) Bromine (0-16 g.) in 
chloroform (10 ml.) was added to the diphenyl compound (IV) (0-1 g.) in chloroform (10 ml.), 
and the mixture was heated till evolution of hydrogen bromide ceased. The solvent was 
replaced by benzene, then by ethanol, giving a small amount of dark brown crystals of 4(or 5)- 
bromo-4 : 5-dihydro-3 : 6-diphenylbenzopentalene, m. p. 208—210° (decomp.) (Found: Br, 20-7. 
C,,H,,Br requires Br, 20-7%). 

(b) The diphenyl compound (IV) (0-4 g.) was heated with N-bromosuccinimide (0-24 g.) and 
barium carbonate (0-6 g.) in carbon tetrachloride for 1 hr., and cooled. The filtrate was heated 
onasteam-bath with NN-dimethylaniline (10 ml.) for 14 hr., pyridine (5 ml.) was added, and heat- 
ing continued for$hr. The product was dissolved in benzene (100 ml.) and washed with 5n-hydro- 
chloric acid (2 x 50 ml.) and with water. After removal of the solvent, the residue (0-12 g.) 





* Baker and McOmie, in “‘ Progress in Organic Chemistry,” ed. J. W. Cook, Butterworths, London, 
1955, Vol. III, Chapter 2, pp. 44—80; Baker, in “ Perspectives in Organic Chemistry,” ed. Sir A. Todd, 
Interscience, New York, 1956, pp. 28—67. 
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was washed with acetone and then crystallised from benzene, giving di-[4: 5-dihydro-3 : 6-di- 
phenylbenzopentalene-4(or 5)-yl] as orange-brown needles, m. p. 277° (decomp.) (Found: 
C, 94-6; H, 5-3; M, ebullioscopic in benzene, 584. C,,H,, requires C, 94-4; H, 5-6%; M, 610). 

The compound did not form a picrate or a 2: 4: 7-trinitrofluorenone complex. It gave a 
blue-black colour with warm concentrated sulphuric acid. 

Reaction of the Diketone (III) with Phosphorus Pentachloride.—(a) 3: 6-Dichloro-4 : 5-di- 
hydrobenzopentalene (V). The diketone (III) (4 g.) in dry benzene (40 ml.) was added to phos- 
phorus pentachloride (10-8 g.) ir. dry benzene (80 ml.). After 5 hr., the solution was heated 
for 4 hr., and poured on ice. The benzene layer was washed with sodium hydrogen carbonate 
solution and with water, dried, and distilled, giving a yellow oil (2-8 g.), b. p. 125—135°/0-5 
mm., which solidified. Crystallisation from methanol and then from light petroleum (b. p. 
60—80°), followed by sublimation in vacuo, gave 3 : 6-dichlovo-4 : 5-dihydrobenzopentalene (V) 
as yellow needles, m. p. 117—117-5° (Found: C, 64-2; H, 3-5; Cl, 31-4. C,,H,Cl, requires 
C, 64:6; H, 3-6; Cl, 31-8%). 

(b) Isolation of compounds C,,H,OCI, (VII) and C,,Hy,4 or1¢Cl,. The diketone (III) (4 g.) and 
phosphorus pentachloride (10-8 g.) in benzene (120 ml.) were boiled for 3 hr. and worked up as 
before. The product was boiled with potassium acetate (1-0 g.) in ethanol, filtered, distilled 
(b. p. 122—130°/0-3 mm.), and crystallised from methanol, yielding the dichloro-compound (V) 
(0-22 g.) and 6:6: 7(or §8)-trichloro-3:4:5:6: 7: 8-hexahydro-3-oxobenzopentalene (VII) 
(0-42 g.), m. p. 108—109° (Found : C, 52-1; H, 3-3; Cl, 38-7. C,,H,OCI, requires C, 52-3; 
H, 3-3; Cl, 38-7%). 

A closely similar experiment carried out in more concentrated solutions gave a substance 
which separated from light petroleum (b. p. 60—80°) in yellow needles, m. p. 241—242° (decomp. 
(Found: C, 77-2; H, 4-1; Cl, 18-8. Calc. for C,,H,,Cl,: C, 77-4; H, 3-8; Cl, 19-1. Calc. for 
C,,H,,Cl,: C, 76-8; H, 4-3; Cl, 18-9%). 

Reaction of 3: 6-Dichloro-4: 5-dihydrobenzopentalene (V) with N-Bromosuccinimide.—(a) 
The dichloro-compound (V) (0-3 g.), N-bromosuccinimide (0-25 g.), and benzoyl] peroxide (0-01 g.) 
in carbon tetrachloride (20 ml.) were heated under reflux for 4 hr. The filtered solution was 
washed with 2n-sodium hydroxide and then with water. After drying, and removal of the 
solvent, the residual oil was purified by crystallisation from methanol before and after sublim- 
ation (70—80°/0-1 mm.), giving 3 : 6-dichloro-4 : 5-dihydro-4(or 5)-methoxybenzopenialene (VIII; 
R = OMe) as yellow needles, m. p. 96° (Found: C, 61-6; H, 3-8; Cl, 28-0. C,,H,,OCI, requires 
C, 61-7; H, 4-0; Cl, 28-0%). 

(6) The dichloro-compound (V) (0-25 g.), N-bromosuccinimide (0-21 g.), and benzoyl peroxide 
(0-01 g.) in carbon tetrachloride (15 ml.) were heated under reflux for 1 hr. The solvent was 
removed from the filtered solution. and the residual oil was boiled for a few minutes with 
potassium acetate (0-1 g.) in acetic acid (20 ml.). After being kept for 4 hr., the solution was 
concentrated under reduced pressure, decanted from solid, and poured into water. Extraction 
with ether gave a solid which was crystallised from methanol, then sublimed (110°/0-5 mm.; 
0-05 g. of yellow crystals, m. p. 110—114°), and recrystallised from methanol giving 4(or 5)- 
acetoxy-3 : 6-dichloro-4 : 5-dihydrobenzopentalene, m. p. 117—118° (Found: C, 59-4; H, 3-6. 
C,,H,,0.Cl, requires C, 59-8; H, 3-6%). The compound sublimed very slowly at 100° under 
atmospheric pressure and very little decomposition occurred when the vapour was passed at a 
pressure of 4 x 10° mm. through a tube heated to ca. 500°. Owing to its volatility and hence 
brief preheating, it is probable that the vapour temperature was considerably less than 500°. 
The compound decomposed when heated above its m. p. with anhydrous potassium carbonate. 


The authors thank Dr. M. A. T. Rogers and Mr. M. St. C. Flett of Imperial Chemical 
Industries Limited for determining the infrared spectrum of the dichloro-compound (V). One 
of them (T.L.V.U.) thanks the Department of Scientific and Industrial Research for a 
maintenance allowance. 


THE UNIVERSITY, BrIsTOL. [Received, January 14th, 1957.] 
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799. Attempts to prepare New Aromatic Systems. Part VI.* 
] : 2-5 : 6-Dibenzopentalene and Derivatives. 


By Witson Baker, J. F. W. McOmie, (Mrs.) S. D. Parritt, 
and D. A. M. WATKINS. 


Attempts to synthesise 1 : 2-5 : 6-dibenzopentalene (II) or a substituted 
derivative have failed although its isomer 1 : 2-4 : 5-dibenzopentalene (I) is 
known. Kohler’s supposed derivative (IV) of 1 : 2-5 : 6-dibenzopentalene has 
been shown to be the indenone (VIII). 

The diketone (X) yields two stereoisomeric diols which do not undergo 
direct or indirect dehydration, nor does the parent hydrocarbon undergo 
dehydrogenation. Experiments in the 4-phenyl- and 3: 4-diphenyl-1 : 2-5: 6- 
dibenzopentalene series have shown that here also there is no tendency to 
generate the fully unsaturated system. 


ALTHOUGH attempts to prepare pentalene’ and benzopentalene (cyclopent[a}indene) 2 
have failed, 1 : 2-4: 5-dibenzopentalene* (I) and its 3: 6-dichloro- and 3: 6-diphenyl 
derivatives are known. The dye acedianthrone is a complex derivative of 1 : 2-4: 5-di- 
benzopentalene.* 1 : 2-4: 5-Dibenzopentalene shows olefinic unsaturation in the five- 
membered rings, and in addition the failure to prepare benzopentalene suggests that 
aromatic character cannot be exhibited by pentalene itself. This is probably due to the 
fact that the eight x-electrons cannot provide two sextets having two electrons in common, 


as is possible with the ten x-electrons of naphthalene. 
hs 
7 6 _ 
ae 
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(II) (III) 











We have now attempted to synthesise 1 : 2-5 : 6-dibenzopentalene (II) and some of 
its derivatives. Although it has been stated that the two dibenzopentalenes (I) and (II) 
should be of almost equal stability, because their resonance energies have been calculated 
as 120 and 110 kcal./mole respectively,5 we now record our failure to prepare 1 : 2-5: 6- 
dibenzopentalene (II) or any substituted derivative thereof, although we have made many 
substituted dihydro-derivatives. There appears to be a greater reluctance to form the 
1 : 2-5 : 6-dibenzopentalene system than that of its isomer. This difference may be in 
part due to the fact that (I) but not (II) can be regarded as a 1 : 4-diphenylbutadiene, and 
also that in (II) one of the benzene rings must be represented as o-quinonoid. 

To date only two substances are definitely known to contain the carbon skeleton of 
1 : 2-5 : 6-dibenzopentalene (II), viz., 3: 4:7: 8-tetrahydro-7-methyl-l : 2-5 : 6-dibenzo- 
pentalene (III; R =H) and its tetramethyl derivative (III; R = Me) prepared by 


* Part V, preceding paper. 


1 For references to earlier work and discussions, see Baker, J., 1945, 263; Baker and McOmie, 
““ Non-benzenoid Aromatic Compounds,” Chapter 2 of ‘‘ Progress in Organic Chemistry,”’ Editor J. W. 
Cook, Volume III, Butterworths Scientific Publications, 1955. 

* Baker and Leeds, J., 1948, 974; Baker and Jones, J., 1951, 787; Baker, Glockling, and McOmie, 
J., 1951, 3357; Baker, McOmie, and Ulbricht, preceding paper; Groves and Swan, J., 1951, 863, 867, 
871; Dahn, Helv. Chim. Acta, 1951, 34, 1087. 

3 Blood and Linstead, J.,:1952, 2263. 

* B.P. 369,765/1931; 410,552/1932; Clar, Ber., 1939, 72, 2134. 

5 Pullman, Pullman, Bergmann, Bertier, Fischer, Hirschberg, and Pontis, J. Chim. phys., 1952, 
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Barnes and Beitchman.* The methyl group in position 7 and the gem-dimethyl groups 
make these compounds useless for the present investigation. 

Kohler’? claimed to have prepared 3 : 4-dihydro-3-oxo-4-phenyl-1 : 2-5 : 6-dibenzo- 
pentalene (IV), m. p. 162°, by the action of phenylmagnesium bromide upon 2-benzylidene- 
indane-1 : 3-dione (V). Oxidation of the supposed (IV) by potassium permanganate gave an 
acid, m. p. 131—133°, represented by formula (VI), but this acid would be unlikely to 
survive treatment with potassium permanganate and a re-investigation of this work was 
undertaken. 

We find that ‘wo molecules of phenylmagnesium bromide react with 2-benzylidene- 
indane-1 : 3-dione (V) under the conditions given by Kohler, to yield 2-diphenylmethy]-3- 
phenylinden-l-one (VIII), m. p. 154°, whose structure is established by degradation with 
chromic acid which gives benzophenone and o-benzoylbenzoic acid, m. p. 127°. Kohler’s 
analyses of his product, m. p. 162°, are closer to those required by (VIII) than by (IV), 
and his analysis of the derived acid is almost as satisfactory for o-benzoylbenzoic acid as 


On. 





HOC 
HO,C. 
(IV) Ph-CH (VI) 
fe) fe) 
Ph 
—_ . > 
oe CHPh, 
CHPh CHPh, 
fe) ° fe) 
(V) (VII) (VII) 


for (VI). These facts make it almost certain that Kohler’s products were really (VIII) 
and o-benzoylbenzoic acid, and we have moreover synthesised an unsaturated ketone which 
is almost certainly (IV) (see p. 4030) rather than the isomeric ketone (XXII) and find that 
it has m. p. 272°. 

The first step in the preparation of the ketone (VIII) is addition of phenylmagnesium 
bromide to the diketone (V), giving 2-diphenylmethylindane-1 : 3-dione (VII), followed 
by reaction with a second molecule of Grignard reagent and loss of water. The inter- 
mediate 2-diphenylmethylindane-1 : 3-dione (VII) was readily isolated from fairly large- 
scale experiments. The structure assigned to it is established by oxidation with chromic 
acid which yields phthalic acid, benzophenone, and a little diphenylacetic acid. 

Our first attempts to synthesise 1 : 2-5 : 6-dibenzopentalene (II) started with (diphenyl- 
methyl)malonic acid (IX). The double cyclisation of this acid to 3: 4: 7 : 8-tetrahydro- 
3 : 4-dioxo-1 : 2-5 : 6-dibenzopentalene (X) could not be effected by concentrated sulphuric 
acid or fluorosulphonic acid,® or via the acid chloride, but was achieved in 27% yield by 
reaction with polyphosphoric acid. 

A more convenient route to the diketone (X) was found via 3-phenylindan-l-one (XI) ® 
prepared by a much improved process from cinnamic acid and benzene in presence of 
aluminium chloride. 3-Phenylindan-l-one (XI) was condensed with ethyl carbonate 
under the conditions given by Brandstrém,’° giving ethyl 1-oxo-3-phenylindane-2-carboxy]- 
ate (XII), and rapid cyclisation of this ester with polyphosphoric acid then gave the 


® Barnes and Beitchman, J. Amer. Chem. Soc., 1954, 76, 5430. 

7 Kohler, Amer. Chem. J., 1907, 37, 371. 

8 Baker, Coates, and Glockling, J., 1951, 1376. 

® Koelsch, Hockmann, and le Claire, J. Amer. Chem. Soc., 1943, 65, 59. 
10 Brandstrém, Acta Chem. Scand., 1950, 4, 1315. 
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diketone (X). An alternative, but less efficient route from 3-phenylindan-l-one (XI) 
involved condensation with ethyl oxalate and hydrolysis to give the glyoxylic acid (XIII), 
and final rapid cyclisation with polyphosphoric acid with loss of carbon monoxide to give 
the diketone (X). 

The compound (X) and the other derivatives of 1 : 2-5: 6-dibenzopentalene having 
hydrogen or other substituent in positions 7 and 8 described in this paper probably all 
have the two five-membered rings fused in the cis-positions; the trans-configurations 


S 
4A Ph 
Ph,CH-CH(CO>H), al 4 Oo CO,Et 
oO 


(IX) 
(x) ° (XI) 


AS t 
(\7 | 
A™ ph Ph 
(XI) aces d (x!) 


would be very highly strained. This diketone shows some tendency to give derivatives 
of an enolic form (see Experimental section), but it failed to yield an enol acetate. Its 
ultraviolet absorption spectrum in 0-1N-ethanolic sodium hydroxide was but little different 
from that in ethanol alone, and this reluctance to enolise is undoubtedly due to increased 
strain in the enol form. 

Reduction of the diketone (X) with amalgamated zinc and hydrochloric acid gave 
3: 4:7: 8-tetrahydro-l : 2-5 : 6-dibenzopentalene (XIV). Many attempts were made to 
dehydrogenate this hydrocarbon, e¢.g., by palladium-—charcoal in boiling 8-methylnaphth- 
alene, or tetrachloro-o-benzoquinone in benzene; }* unchanged material was isolated in 
high yield. Reaction with chloranil in boiling benzene gave an addition product, which 
is probably 3(or 7)-(2 : 3: 5 : 6-tetrachloro-4-hydroxyphenoxy)-1 : 2-5 : 6-dibenzopentalene, 
and regenerated the hydrocarbon (XIV) when heated. Treatment of the diketone (X) 
with phosphorus pentachloride gave a mixture of 3: 3:4:4:7: 8-hexachloro-3 : 4:7: 8- 
tetrahydro-1 : 2-5 : 6-dibenzopentalene, and a monochloro-compound which, because it 
could not be made to lose hydrogen chloride, is probably 8- rather than 7-chloro-3 : 4: 7 : 8- 
tetrahydro-3 : 4-dioxo-1 : 2-5 : 6-dibenzopentalene. 





(XIV) (XV) OH (XVI) 


Reduction of the diketone (X) with lithium aluminium hydride in ether gave two 
(isomers A and B) of the three possible stereoisomeric forms of the diol (XV), cis-fusion 
of the two five-membered rings being assumed. Each isomer gives a characteristic diacetyl 
derivative when boiled with acetyl chloride in pyridine; no dehydration occurred, and 
the diacetyl derivatives were unchanged when heated with potassium carbonate at 250°. 

11 See Linstead and co-workers, J., 1934, 935, 946; 1935, 436. 


12 Linstead, Braude, Jackman, and Beames, Chem. and Ind., 1954, 1174; Braude, Jackman, and 
Linstead, J., 1954, 3564. 
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Isomer A was unchanged when heated with anhydrous copper sulphate in xylene,}* or with 
phosphoric anhydride in benzene, and both it and its benzoyl derivative were unchanged 
by passage through a tube in the vapour state at 500°/0-1 mm.’4 These substances all 
show a considerable reluctance to generate even one double bond associated with carbon 
atoms 3, 4, 7, and 8, and this appears to be a characteristic feature of all derivatives of 
1 : 2-5 : 6-dibenzopentalenes. 

When boiled with an ether or ether—benzene solution of methylmagnesium iodide, the 
diketone (X) reacted with only one mol. of the Grignard reagent, giving 3 : 4: 7 : 8-tetra- 
hydro-3-methylene-4-oxo-1 : 2-5 : 6-dibenzopentalene (XVI). The position of the double 
bond is inferred from the fact that the ultraviolet absorption spectrum is almost identical 
with that of the original diketone, and very different from that of chalcone #* which it 
should resemble if the double bond were endocyclic (see Table). 

Work has been carried out in the 3-phenyl-1 : 2-5 : 6-dibenzopentalene series in the 
hope that the phenyl group might stabilise the pentalene nucleus. 2-Benzylidene-3- 
phenylindan-l-one (XVII), prepared from 3-phenylindan-l-one (XI) and benzaldehyde,?* 
was unaffected by most cyclisation procedures, but yielded the desired 3: 4: 7 : 8-tetra- 
hydro-3-oxo-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XVIII) when boiled with aluminium 
chloride in benzene; cyclisation with 50% sulphuric acid—phosphoric acid at 100° was less 
satisfactory. 

The ketone (XVIII) was not reduced under the normal Clemmensen or Wolff—Kishner 
conditions, but reduction was effected in 42% yield by Barton’s modification of the latter 
reaction,!? giving 3: 4:7: 8-tetrahydro-3-phenyl-1 : 2-5: 6-dibenzopentalene (XIX; 
R = R’ = H), m. p. 112° (cf. below). The same hydrocarbon was prepared from the 
ketone (XVIII) by reaction with phosphorus pentachloride to give the related 3 : 3-di- 
chloro-compound (XIX; R = R’ = Cl), followed by reduction with zinc and hydrochloric 
acid in ether. The dichloro-compound is readily hydrolysed to the parent ketone (XVIII), 


1°) CHPh : 


(XVII) (XVII) 





but attempts to effect dehydrochlorination were unsuccessful; e¢.g., when heated under 
reduced pressure or boiled with pyridine it gave in poor yield a trichloro-compound, 
probably 3:3: 4(or 3:3: 7)-trichloro-3 : 4: 7 : 8-tetrahydro-4-phenyl-1 : 2-5 : 6-dibenzo- 
pentaiene. The toluene-f-sulphonylhydrazone of (XVIII) when heated with sodium and 
ethylene glycol or cyclohexanol does not give the expected unsaturated compound (XXI; 
R = H), but 3: 4: 7: 8-tetrahydro-3-(2’-hydroxyethoxy)- and 3-cyclohexyloxy-3 : 4: 7: 8- 
tetrahydro-4-phenyl-1 : 2-5 : 6-dibenzopentalene respectively (XIX; R = HO-CH,°CH,°0, 
R’ = H; and R = C,H,,0, R’ = H) (cf. ref. 18). Two similar examples of the formation 
of monoethers of ethylene glycol during this type of reaction are recorded by Bamford 
and Stevens.}8 

When the ketone (XVIII) was reduced with lithium aluminium hydride it gave 
3:4:7: 8-tetrahydro-3-hydroxy-4-phenyl-1 : 2-5: 6-dibenzopentalene (XX), stereo- 
isomer A. A second stereoisomer, B, was obtained by reducing the ketone (XVIII) with 

13 Baker, Glockling, and McOmie, J., 1951, 3357. 

4 Barton, J., 1949, 2174. 

18 Black and Lutz, ]. Amer. Chem. Soc., 1953, 75, 5991. 

16 Pfeiffer and de Waal, Annalen, 1935, 520, 185. 


17 Barton, Ives, and Thomas, /., 1955, 2056. 
18 Bamford and Stevens, J., 1952, 4735. 
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aluminium isopropoxide. Each gives a characteristic acetyl derivative, both of which 
are unchanged when sublimed or when heated with anhydrous potassium carbonate at 250°. 





P Ph 
(XX) (XXI) (XXII) 


When the hydroxy-compound 4 was heated with anhydrous copper sulphate in xylene 
for 4 hr., it gave a mixture of a substance, X, m. p. 158—159°, whose structure has not 
been determined, and an anhydro-compound, m. p. 179—180°. After 7 hours’ heating 
relatively little anhydro-compound could be isolated, and after 10 hr. only substance X 
could be isolated. Similar dehydration of hydroxy-compound B gave the same anhydro- 
compound after 14 hr., but only substance X after 3 hr. In all cases the yields were 
small. The anhydro-compound was also obtained when the ketone (XVIII) was reduced 
on a larger scale with aluminium isopropoxide, presumably via the hydroxy-compound B. 
The anhydro-compound is probably 4: 7-dihydro-4-phenyl-1 : 2-5 : 6-dibenzopentalene 
(XXI; R =H) unless migration of the double bond has occurred to one of the other two 
possible positions where it would be more fully conjugated. 

An unexpected result was obtained when either stereoisomer of 3 : 4: 7 : 8-tetrahydro- 
3-hydroxy-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XX) was dehydrated with phosphoric 
anhydride in boiling benzene ; the product, instead of being the olefin (XXI; R = H), was 
a saturated hydrocarbon, Cy,3H,,, whose infrared spectrum is very similar to that of (XIX; 
R = R’ = H); both show the absence of double bonds and the presence of a mono- 
substituted benzene ring, and hence the compound C,,.H,, must be a stereoisomer of 
(XIX; R = R’ = H), or less likely a structural isomer thereof. The proposed structure 
is in agreement with the ultraviolet spectrum which is closely similar to that of the saturated 
compounds (XIX; R = R’ = H), m. p. 112°, and (XX) (isomers A and B) and different 
from that of the anhydro-compound, m. p. 179—180°, discussed above. The infrared 
spectrum disproved the interesting possibility that a hydrocarbon Cj,H,, had arisen via 
(XXI; R = H) followed by cyclisation between carbon atom 3 and an ortho-carbon atom 
of the phenyl group to give a compound with three fused five-membered rings and a three- 
fold axis of symmetry. 

Treatment of the ketone (XVIII) with bromine vapour gave what is probably 3: 4- 
dihydro-3-oxo-4-phenyl-1 : 2-5 : 6-dibenzopentalene (IV), also made by reaction of phenyl- 
lithium with the diketone (X). The position of the olefinic bond is inferred from the fact 
that the ultraviolet absorption curve of this ketone is similar in shape to those of 2- 
diphenylmethyl-3-phenylinden-1-one (VIII) and of ethyl 1-oxo-3-phenylindene-2-carboxyl- 
ate,* and different from those of 2-benzylidene-3-phenylindan-l-one (XVII) and of 
chalcone. With phenylmagnesium bromide the diketone (X) gave the tertiary alcohol 
(XXIII). 

2-Benzylidene-3-phenylindan-l-one (XVII) gave the epoxide on reaction with alkaline 
hydrogen peroxide. When the epoxide was heated with acids in an attempt to convert 
it into 3: 7-dihydro-3-oxo-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XXII) or the isomeric 
3: 4-dihydro-compound, a phenolic substance, Cy3H,,0O., was obtained instead; this 
gave no ferric chloride reaction and did not react with 2: 4-dinitrophenylhydrazine. Its 
structure as 1 : 3-dihydroxy-2 : 4-diphenylnaphthalene (XXIV) was suggested to ns by 
Dr. J. A. Barltrop. Recently House and Wasson ?* have shown that the epoxides of 
2-benzylidenecyclanones are converted into the corresponding 2-phenyl-3-oxohomo- 
cyclanones by the action of boron trifluoride-ether in benzene. This reaction is analogous 

19 House and Wasson, J. Amer. Chem. Soc., 1956, 78, 4394. 
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to the formation of the naphthalene (XXIV), and we find that boron trifluoride also 
converts the epoxide of (XVII) into (XXIV). 


S 
4 OH 
7 Me 
ae Sh i 
Oo 9 OH > 
HO Ph Ph h 
(XXII) (XXIV) (XXV) 


A few experiments have been carried out in the 3: 4-diphenyl-l : 2-5 : 6-dibenzo- 
pentalene group. The ketone (XVIII) and phenylmagnesium bromide gave 3: 4:7: 8- 
tetrahydro-3-hydroxy-3 : 4-diphenyl-1 : 2-5 : 6-dibenzopentalene (XXV). Dehydration of 
this with anhydrous copper sulphate in xylene then gave an anhydro-compound, which is 
either 3: 7-dihydro-3 : 4-diphenyl-1 : 2-5 : 6-dibenzopentalene (XXI; R= Ph) or the 
isomeric 3: 4-dihydro-derivative. Dehydrogenation of this anhydro-compound could 
not be effected by reaction with chloranil, lead tetra-acetate, N-bromosuccinimide, or 
oxides of nitrogen. The last reagent yielded an addition product of (XXI; R = Ph) with 
two mols. of nitrogen dioxide. 

The ultraviolet absorption spectra of some of the compounds described above are 
recorded in the Table. 


Ultraviolet absorption spectra in ethanol. 


1 : 2-5 : 6-Dibenzopentalene derivatives A(mp) logy) Emax. A(Mp) lOgyo Emax. A(Mp) 1Ogyo Emax. 
3: 4:7: 8-Tetrahydro-3 : 4-dioxo-(X)... 246-5 4-37 285 3-67 — — 
a “ a (X) * 244 4-17 294 3-51 — _— 
-3-methylene-4- 
oxo-, (XVI)...... 243 4-35 289 3-65 — — 

3: 4:7: 8-Tetrahydro-4-phenyl-, (XIX; 

rr ee errr 260-5 3-44 267 3°57 274 3-57 
3: 4:7: 8-Tetrahydro-3-hydroxy-4- 

phenyl-, (XX), Isomer A .........cccsee0e. 260-5 3-23 267 3°33 274 3-29 
3: 4:7: 8-Tetrahydro-3-hydroxy-4- 

phenyl-, (XX), Isomer B ..............000. - -- 266-5 3-34 273-5 3°31 
Compound C,,Hy,, m. p. 155° .........00000. 260 3-31 267 3-42 27 3-39 
3 : 4-Dihydro-3-oxo-4-phenyl- (IV) ...... 235 3-98 288 3-61 340 3-50 
4: 7-Dihydro-4-phenyl- (XXI; R = H) 235 4-54 264 ft 4-06 285 t 3-95 
Other compounds 
2-Diphenylmethyl-3-phenylinden-1l-one 

GVEEED sacccssccecncctncocsccestsovssenseqssensse 244-5 4-60 284 3-75 410 3-02 
Ethyl l-oxo-3-phenylindene-2-carboxylate 247-5 4-49 305°5 3°87 400 3°21 
2-Benzilidene-3-phenylindan-l-one(XVII) 27 4-18 325 4-58 _— _— 
COUN S. coxandcasesnncseuesenanasetasesqenntees 227°5 3-99 307-5 4-39 — — 

* In 0-1N-ethanolic sodium hydroxide. + Inflection. 


t Black and Lutz, J. Amer. Chem. Soc., 1953, 75, 5991. 


EXPERIMENTAL 


2-Diphenylmethyl-3-phenylinden-l-one (VIII).—A solution of 2-benzylideneindane-] : 3- 
dione (V) (12 g., 1-1 mol.) in benzene (50 c.c.) was added to an ethereal solution of pheny]l- 
magnesium bromide (1-1 mol.) made from bromobenzene (8-3 g.) and magnesium (1-3 g.), and 
the mixture boiled for 1 hr. and poured into dilute hydrochloric acid. The product, isolated 
in the usual way, was purified by passage through a column of alumina and elution with ethanol, 
giving deep-yellow plates (6-4 g.), m. p. 154°, from ethanol (Found: C, 90-2; H, 5-5. C,,H, .O 
requires C, 90-3; H, 5-4%). This 2-diphenylmethyl-3-phenylinden-1-one (VIII) gave a 2: 4- 
dinitrophenylhydrazone as orange needles, m. p. 249° (from acetic acid) (Found: C, 74-2; H, 4-5; 
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N, 10-2. C,,H,,O,N, requires C, 74:0; H, 4:35; N, 10-15%), and an oxime, m. p. 159—162° 
(from methanol) (Found: C, 85-9; H, 5-2; N, 4-0. C,,H,,ON requires C, 86-6; H, 5-4; 
N, 3-6%); it gives a green solution in concentrated sulphuric acid. 

2-Diphenylmethylindane-1 : 3-dione (VII).—A similar experiment to the above, but on 
ten times the scale, gave a product which was crystallised directly from light petroleum (pb. p. 
60—80°), giving first a little starting material and then 2-(diphenylmethyl)indane-1 : 3-dione 
(VII) as yellow plates (88 g.), m. p. 128—129° (from ethanol) (Found: C, 84-9; H, 5-1. Calc. 
for C,,H,,0,: C, 84-6; H, 5-1%). The 2: 4-dinitrophenylhydrazone, m. p. 248°, formed 
yellow needles from ethyl acetate. The dione (VII) has been previously prepared in a different 
manner by Vanags and Zalukajevs,® who give the same m. p. 

When refluxed with phenylmagnesium bromide (2 mol.) in ether—benzene for 1} hr., the 
dione (VII) (2 g.) gave 2-diphenylmethyl-3-phenylinden-l-one (VIII) (1-25 g.) after isolation 
and purification as described above. It was characterised by m. p. and mixed m. p. deter- 
minations. 

Oxidation of 2-Diphenylmethyl-3-phenylinden-1-one (VIII).—A solution of chromic anhydride 
(1-4 g.) in acetic acid (10 c.c.) was added to the indenone (VIII) (2 g.) in acetic acid (10 c.c.), 
and the mixture was boiled for 1 hr., poured into water, and extracted with chloroform. The 
chloroform. layer after extraction with aqueous sodium hydrogen carbonate yielded benzo- 
phenone, m. p. and mixed m. p. 45° (0-7 g., 64%; 2: 4-dinitrophenylhydrazone, m. p. and 
mixed m. p. 238°). The alkaline extract yielded o-benzoylbenzoic acid as needles of the mono- 
hydrate (from water), m. p. 94—95°, or as the non-hydrated acid, m. p. and mixed m. p. 127°, 
from benzene-light petroleum (0-9 g., 75%). 

Oxidation of 2-Diphenylmethylindane-1 : 3-dione (VII).—The oxidation was carried out as 
in the previous case, and the products were collected into ether which, after shaking with aqueous 
sodium hydrogen carbonate, yielded benzophenone (0-5 g., 86%), characterised as before. The 
acidic material was crystallised from water, giving first diphenylacetic acid, m. p. and mixed 
m. p. 146° (0-05 g., 8%), and then phthalic acid, m. p. and mixed m. p. 202° (decomp.) (0-3 g., 
52%). 

Cyclisation of (Diphenylmethyl)malonic acid (IX). 3:4:7: 8-Tetrahydro-3: 4-dioxo- 
1 : 2-5: 6-dibenzopentalene (X).—Ethyl (diphenylmethyl)malonate was prepared either from 
diphenylmethyl bromide and ethyl sodiomalonate,*! or from ethyl benzylidenemalonate by 
reaction with phenylmagnesium bromide;? hydrolysis of the ester with alcoholic potassium 
hydroxide at 50° for a few minutes (cf. ref. 21) gave (diphenylmethyl)malonic acid (IX), m. p. 
186° (decomp.) (from ethanol or light petroleum) in 32% and 16% yield respectively. 

The malonic acid (2 g.) was treated with a large excess (ca. 20 g.) of polyphosphoric acid 
(84% P,O,,) at 120° for 1 hr., the dark mixture poured into water, and the brown solid crystal- 
lised from benzene (charcoal), giving tetrahydro-3 : 4-dioxo-1 : 2-5 : 6-dibenzopentalene (X) as 
colourless needles (0-5 g.), m. p. 259° (Found: C, 82-0; H, 4-0. C,,H,,O, requires C, 81-9; 
H, 42%). The diketone dissolves in hot but not cold aqueous sodium hydroxide; it gives no 
colour with alcoholic ferric chloride, but with aqueous alcoholic copper acetate it gives a green 
copper derivative soluble in chloroform. 

The mono-2 : 4-dinitrophenylhydrazone separates from ethyl! acetate in orange needles, m. p. 
297° (decomp.) (Found: C, 64:0; H, 3-1; N, 13-5. C,.H,,O;N, requires C, 63-8; H, 3-4; 
N, 135%). The monotoluene-p-sulphonylhydrazone, prepared in boiling alcoholic solution, 
separated from ethanol in pale yellow crystals, m. p. 116° (Found: C, 67-9; H, 4-5. 
C,;H,,0,N,S requires C, 67-6; H, 4-5%); it was unchanged by sodium in hot ethylene glycol 
which it was hoped would give the olefinic monoketone.1® 

3-Phenylindan-1-one (X1).—Aluminium chloride was added in small portions to a vigorously 
stirred suspension of cinnamic acid (85 g.) in dry benzene (375 c.c.), and the solution was boiled 
under reflux for 14 hr.; evolution of hydrogen chloride had then ceased. The mixture was 
poured into dilute hydrochloric acid and shaken with ether, and the organic layer washed with 
aqueous potassium carbonate, dried, and distilled, leaving 3-phenylindan-l-one (XI) which 
after crystallising from light petroleum had m. p. 78° (95 g.). The 2: 4-dinitrophenylhydrazone 
formed orange needles, m. p. 209—210°, from acetic acid (Found: C, 65-1; H, 3-9; N, 14-0. 
C,,H,,O,N, requires C, 65-0; H, 4:1; N, 14-4%). The aqueous alkaline solution yielded 
- ne and Zalukajevs, Latvijas PSR Zindtnu Akad. Véstis, 1951, 753; Chem. Abs., 1953, 47, 

"al Henderson, J., 1891, 731. 
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66-diphenylpropionic acid, which after crystallisation from benzene had m. p. 153° (yield, 
18 g.). 

Ethyl 1-Ox0-3-phenylindane-2-carboxylate (XI1).—A three-necked flask containing redistilled 
ethyl carbonate (150 c.c.) was fitted with a dropping funnel, a stirrer, and fractionating column 
leading to a condenser, then heated to 100°, and sodium (2-3 g.) was added slowly. After the 
sodium had dissolved a solution of 3-phenylindan-l-one (21 g.) in ethyl carbonate (50 c.c.) was 
added gradually and the temperature raised to 150°. Ethanol first distilled and, when ethyl 
carbonate (b. p. 126°) began to be collected, the mixture was cooled and poured into ice-cold 
dilute acetic acid, and the organic layer and ethereal extracts of the aqueous layer were distilled 
finally under diminished pressure, leaving the ester (XII) which separated from light petroleum 
(b. p. 60—80°) (charcoal) in colourless needles, m. p. 103—104° (21 g., 74%) (Found: C, 77-6; 
H, 6-0. C,,H,,O, requires C, 77-1: H, 5-7%). The 2: 4-dinitrophenylhydrazone crystallised 
from ethanol in orange needles, m. p. 179°. 

This ester is probably the ¢vans-isomer. Yost and Burger ** reported preparation of the same 
substance by catalytic reduction of the related indenone, and obtained a nearly colourless 
crude ester, m. p. 86—87-5°, which was not analysed and which decomposed when attempts 
were made to purify it. It is probable that their product was the cis-isomer, and that it was 
becoming converted into the more stable trans-form. 

Cyclisation of the Ester (XII). 3:4:7: 8-Tetrahydro-3 : 4-dioxo-1 : 2-5 : 6-dibenzopentalene 
(X).—The ester (2 g.) was mixed with a large excess of polyphosphoric acid, heated at 160° for 
3 min., then poured into water (cf. ref. 23). The product crystallised from methanol (charcoal), 
giving the diketone (X) as needles, m. p. and mixed m. p. with the specimen previously described, 
259° (0-75 g.). 

1-Ox0-3-phenyl-2-indanylglyoxylic Acid (XIII).—A solution of 3-phenylindan-l-one (XI) 
(10 g.) and ethyl oxalate (9 g.) in ethanol (40 c.c.) was added with stirrirg to a warm solution 
of sodium (10 g.) in ethanol (100 c.c.). After being kept overnight at room temperature, the 
mixture was poured into dilute hydrochloric acid, and the precipitated glyoxylic acid (XIII) 
collected and crystallised from benzene, giving yellow needles, m. p. 213° (9-7 g.) (Found: 
C, 73-1; H, 41. C,,H,,O, requires C, 72-8; H, 4:3%). It gives a red-brown colour with 
alcoholic ferric chloride. 

Repeated crystallisation of the mother-liquors gave colourless needles, m. p. 185° (Found: 
C, 90-0; H, 5-6. Cj 9H,,O requires C, 90-4; H, 55%). This substance is probably 3-phenyl- 
2-(3-phenyl-1-indenylidene)indan-1-one. 

When the condensation of the indanone (XI) with ethyl oxalate was carried out in methanol, 
the mixture deposited a sodium salt when cooled to 0°, and acidification then yielded methyl 
1-ox0-3-phenyl-1-indanylglyoxylate as colourless crystals (from benzene), m. p. 148° (Found: 
C, 73-6; H, 4-6. C,,H,,O, requires C, 73-6; H, 4-8%). The ferric chloride reaction was the 
same as that of the parent acid. 

Cyclisation of the Glyoxylic Acid (XIII). 3:4: 7: 8-Tetrahydro-3 : 4-dioxo-1 : 2-5: 6-di- 
benzopentalene (X).—The acid (XIII) (2 g.) was mixed with polyphosphoric acid and kept at 85° 
for $ hr., then poured into water, and the product purified by passage in chloroform through 
a column of alumina. Final crystallisation from methanol gave 3: 4: 7 : 8-tetrahydro-3 : 4- 
dioxo-1 : 2-5 : 6-dibenzopentalene (X), m. p. and mixed m. p. with the specimens prepared as 
previously described, 259°. 

3:4: 7: 8-Tetrahydro-1 : 2-5 : 6-dibenzopentalene (XIV).— A mixture of 3: 4:7: 8-tetra- 
hydro-3 : 4-dioxo-1 : 2-5 : 6-dibenzopentalene (X) (1-0 g.), amalgamated zinc (6 g.), water 
(20 c.c.), concentrated hydrochloric acid (50 c.c.); acetic acid (1 c.c.), and toluene (5 c.c.) was 
boiled under reflux for 40 hr. with the addition of a few c.c. of hydrochloric acid every 10 hr. 
The product was isolated in the usual way, giving 3:4: 7: 8-tetrahydro-1 : 2-5: 6-dibenzo- 
pentalene (XIV) as colourless crystals, m. p. 95° (0-7 g., 80%) (from methanol) (Found: C, 92-9; 
H, 6-7. C,gH,, requires C, 93-2; H, 6-8%). 

3(or 7)-(2:3: 5: 6-Tetrachloro-4-hydroxyphenoxy)-1 : 2-5 : 6-dibenzopentalene—The hydro- 
carbon (XIV) (0-2 g.) and chloranil (0-3 g.) were boiled in benzene (10 c.c.) for 14 hr., then 
poured into dilute aqueous sodium hydroxide and shaken with ether. The organic layer 
yielded a product, thought to be 3(or 7)-(2: 3: 5 : 6-tetrachloro-4-hydroxyphenoxy)-1 : 2-5 : 6- 
dibenzopentalene, as colourless needles, m. p. 210° (from ethanol) (Found: C, 58-6; H, 2-7. 

% Yost and Burger, J. Org. Chem., 1950, 15, 1113. 

3 Evans and Smith, /., 1954, 798. 
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C,.H,,0,Cl, requires C, 58-4; H, 30%). When sublimed at 230°/12 mm., it regenerated the 
hydrocarbon (XIV). 

3:3:4:4:7: 8-Hexachloro-3 : 4:7: 8-tetrahydro-1 : 2-5: 6-dibenzopentalene and 8(or 7)- 
Chloro-3 : 4: 7 : 8-tetrahydro-3 : 4-dioxo-1: 2-5 : 6-dibenzopentalene.—3 : 4: 7 : 8-Tetrahydro- 
3 : 4-dioxo-1 : 2-5 : 6-dibenzopentalene (X) (0-5 g.) was mixed with phosphorus pentachloride 
(ca. 5 g.) and heated to 100° for 5 min. Crystallisation from ethanol gave a mixture of yellow- 
brown crystalline aggregates and light yellow needles, which were separated by hand as far as 
possible, and separately crystallised several times from ethanol (charcoal). The first product 
formed colourless prisms, m. p. 207° (Found: C, 46-6; H, 1-8; Cl, 51-7. C,,H,Cl, requires 
C, 46-6; H, 1-9; Cl, 516%), and is 3:3:4:4: 7: 8-hexachloro-3 : 4: 7: 8-tetrahydro-1 : 2- 
5 : 6-dibenzopentalene. The second product formed colourless needles, m. p. 172° (Found: 
C, 71-0; H, 3-4; Cl, 13-2. C,,H,O,Cl requires C, 71-4; H, 3-4; Cl, 13-2%), and is 8(or 7)- 
chloro-3 : 4: 7 : 8-tetrahydro-3 : 4-dioxo-1 : 2-5 : 6-dibenzopentalene; it yields an orange 2: 4- 
dinitrophenylhydrazone. 

3: 4:7: 8-Tetrahydro-3 : 4-dihydroxy-1 : 2-5 : 6-dibenzopentalene (XV), Stereoisomers A and 
B.—3: 4: 7: 8-Tetrahydro-3 : 4-dioxo-1 : 2-5 : 6-dibenzopentalene (X) (1 g.) in anhydrous ether 
was slowly added to a suspension of lithium aluminium hydride (0-4 g.) in ether, the mixture was 
boiled for 1 hr., then cooled, water was cautiously added, and the ether-soluble material crystal- 
lised from methanol. 3:4: 7: 8-Tetrahydro-3 : 4-dihydroxy-1 : 2-5 : 6-dibenzopentalene (XV), 
isomer A (0-75 g., 74%), separated in needles, m. p. 262° (Found: C, 80-6; H, 5-7. C,,H,,O, 
requires C, 80-6; H, 5-9%). From the mother-liquor was obtained (XV) isomer B (0-1 g., 8%) 
as fine needles, m. p. 200° (Found: C, 80-9; H, 5-9%). The diacetyl derivatives were prepared 
by boiling the dihydroxy-compounds (0-5 g.) for 1 hr. with pyridine (10 c.c.) and acetyl chloride 
(0-4 c.c.), and then pouring the solutions into water. The diacetyl derivative of isomer A was 
purified by passage in benzene over alumina, elution with ether—chloroform, and final crystal- 
lisation from methanol, giving needles, m. p. 109—110° (Found: C, 74-8; H, 5-5. C,9H,,O, 
requires C, 74-4; H, 5-6%). The diacetyl derivative of isomer B crystallised directly from 
methanol in needles, m. p. 158° (Found: C, 74-7; H, 54%). The monobenzoyl derivative 
of isomer A was prepared by boiling isomer A (0-1 g.) in pyridine (10 c.c.) with benzoyl chloride 
(0-1 c.c.) for 1 hr., and pouring the whole into water; it separated from methanol in prisms, 
m. p. 169° (Found: C, 81-0; H, 4-9. C,;H,,O, requires C, 80-7; H, 5-3%). 

3:4: 7: 8-Tetrahydro-3-methylene-4-ox0-1 : 2-5 : 6-dibenzopentalene (XVI).—The diketone 
(X) (1 g.) in ether was boiled under reflux for 2} hr. with ethereal methylmagnesium iodide 
prepared from methyl iodide (1-5 c.c.) and magnesium (0-55 g.). The product (XVI), isolated 
as usual, separated from methanol in yellow needles, m. p. 156° (Found: C, 88-9; H, 
5-4. C,,H,,O requires C, 88-8; H, 5-2%). It gives a red solution in concentrated sulphuric 
acid. 

3:4: 7: 8-Tetrahydro-3-0x0-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XVIII)—A mixture of 
2-benzylidene-3-phenylindan-l-one (XVII) (5 g.), benzene (200 c.c.), and aluminium chloride 
(50 g.) was boiled under reflux for 6 hr., and then poured into water. The product, isolated 
in the usual way, crystallised from methanol (charcoal), giving 3: 4: 7 : 8-tetrahydro-3-ox0-4- 
phenyl-1 : 2-5 : 6-dibenzopentalene (XVIII) as colourless needles (55—75% yield), m. p. 132° 
(Found: C, 88-9; H, 5-6. C,,H,,O requires C, 89-2; H, 5-4%). The 2: 4-dinitrophenyl- 
hydrazone separates from ethyl acetate as orange needles, m. p. 271° (rapid heating) (Found: 
C, 70-3; H, 4-4; N, 11-0. C,,H,,O,N, requires C, 70-6; H, 4-2; N, 11-7%). 

3:4:7:8-Tetrahydro-3-phenyl-1:2-5:6-dibenzopentalene (XIX; R= R’ = H).— 
3:4: 7: 8-Tetrahydro-3-oxo-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XVIII) (2-5 g.) was added 
to a warm solution of sodium (1 g.) in ethylene glycol (50 c.c.). Pure hydrazine (prepared 
from hydrazine hydrate by refluxing for 3 hr. with an equal weight of potassium hydroxide) 
was now distilled directly in until the mixture, which was heated, refluxed freely at 180°; the 
heating was continued for 20 hr. Some hydrazine was then distilled back into the hydrazine 
generator until the temperature of the solution reached 197°, and the refluxing was then 
continued for a further 21 hr.; the cooled mixture was poured into water, and the product 
extracted with ether. 3:4:7: 8-Tetrahydro-3-phenyl-1 : 2-5: 6-dibenzopentalene .(XIX; 
R = R’ = H) crystallised from methanol in needles, m. p. 112° (1 g., 42%) (Found: C, 92-9; 
H, 6-2. C,,H,, requires C, 93-6; H, 6-4%). 

3 : 3-Dichloro-3 : 4: 7 : 8-tetrahydro-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XIX; R=R’ 
= Cl).—The ketone (XVIII) (10 g.) and phosphorus pentachloride (10 g.) were boiled in benzene 
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(100 c.c.) for 10 hr. and then distilled to dryness under reduced pressure. The residue crystal- 
lised from light petroleum (b. p. 60—80°) in colourless needles, m. p. 151° (9-5 g., 80%) (Found: 
C, 75-2; H, 4-7; Cl, 20-7. C,.H,,Cl, requires C, 75-1; H, 4-6; Cl, 20:2%). This 3: 3-dichloro- 
3: 4:7: 8-tetrahydro-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XIX; R = R’ = Cl) readily gives 
the ketone (XVIII) on exposure to damp air or when hydrolysed with alcoholic potassium 
hydroxide or boiled with silver acetate in dry benzene. When reduced in ether with zinc and 
a trace of hydrochloric acid, it gives the hydrocarbon (XIX; R = R’ = H), m. p. and mixed 
m. p. 112°. 

When the dichloro-compound (XIX; R= R’ =Cl) was either melted under reduced 
pressure or boiled in pyridine for 45 min., it was converted into a product which separated 
from light petroleum (b. p. 40—60°) as a crystalline powder, m. p. 214° (decomp.), which is 
probably 3:3: 4(or 3:3: 7)-trichloro-3 : 4:7 : 8-tetrahydro-4-phenyl-1 : 2-5 : 6-dibenzopentalene 
(Found: C, 69-2; H, 4-1; Cl, 27-6. C,,H,,Cl, requires C, 68-4; H, 3-9; Cl, 27-0%). 

3:4: 7: 8-Tetrahydro-3- 2’ -hydroxyethoxy -4-phenyl-1: 2-5: 6-dibenzopentalene (XIX; 
R = HO-CH,°CH,°O, R’ = H) and 3-cycloHexyloxy-3 : 4: 7: 8-tetrahydro-4-phenyl-1 : 2-5 : 6- 
dibenzopentalene (XIX; R = C,H,,0, R’ = H).—The foregoing ketone (XVIII) was converted 
in the usual way }* into the toluene-p-sulphonylhydrazone, m. p. 204°, which was then added 
(1 g.) to a solution of sodium (9-7 g.) in ethylene glycol (30 c.c.), and the mixture boiled for 14 
hr. Water wasthen added. The 2’-hydroxyethyl ether, collected and crystallised from methanol, 
had m. p. 147° (Found: C, 84-4; H, 6-5. C,,H,.O, requires C, 84:3; H, 6-4%). A similar 
experiment using cyclohexanol as solvent, subsequently removed under reduced pressure, gave 
3-cyclohexyloxy-3 : 4: 7: 8-tetrahydro-4-phenyl-1 : 2-5 : 6-dibenzopentalene as needles, m. p. 
133° (Found: C, 88-5; H, 7-3. C,,H,,O requires C, 88-4; H, 7-4%). 

3: 4:7: 8-Tetrahydro-3-hydroxy-4-phenyl-1 : 2-5: 6-dibenzopentalene (XX) (Isomer A).— 
3:4: 7: 8-Tetrahydro-3-oxo-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XVIII) (3 g.) in dry ether 
(40 c.c.) was added slowly to a suspension of lithium aluminium hydride (0-5 g.) in ether (30 c.c.), 
and the mixture boiled for 1 hr. Next day water was added and the ethereal layer yielded 
3:4: 7: 8-tetrahydro-3-hydroxy-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XX) (isomer A) as needles 
(from methanol) (2-5 g., 83%), m. p. 176—178° (Found: C, 88-1; H, 6-0. C,,H,,O requires 
C, 88-6; H, 6-1%). The acetyl derivative, prepared by boiling isomer A (0-5 g.) with pyridine 
(10 c.c.) and acetyl chloride (0-2 g.) for 1 hr., crystallised from light petroleum (b. p. 60—80°) in 
needles, m. p. 151° (Found: C, 84:8; H, 5-95. (C,,H,,O, requires C, 84-7; H, 5-9%); it 
sublimes unchanged at 190°/12 mm., and is unaffected by anhydrous potassium carbonate at 
250° for 3} hr. 

3:4:7: 8-Tetrahydro-3-hydroxy-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XX) (Isomer B).— 
A solution of aluminium isopropoxide was prepared in the usual way from aluminium (0-3 g.), 
isopropyl alcohol (10 c.c.), and a trace of mercuric oxide, and a solution of 3: 4:7 : 8-tetra- 
hydro-3-oxo-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XVIII) (2-0 g.) in toluene was added. 
The mixture was slowly distilled for 4 hr. with the addition of more toluene as necessary, then 
added to dilute sulphuric acid, and the toluene and ether extract distilled under reduced pressure. 
The residue separated from light petroleum (b. p. 60—80°) as fine crystals (2-0 g.), m. p. 148°, 
of 3: 4:7: 8-tetrahydro-3-hydroxy-4-phenyl-1 : 2-5 : 6-dibenzopentalene (XX) (isomer B) (Found: 
C, 87-9; H, 5-9. C,,H,,0O requires C, 88-6; H, 6-1%). The acetyl derivative, prepared and 
crystallised as in the case of the isomer (above), formed needles, m. p. 145° (mixed m. p. with 
starting material 128°) (Found: C, 84-7; H, 5-8. C,,H,,O, requires C, 84-7; H, 5-9%). Itis 
unchanged when heated alone or with potassium carbonate at 250°. 

When the reduction was carried out on five times the scale and for 6 hr., the product was the 
anhydro-derivative of (XX) (isomer B) (6-5 g.), m. p. and mixed m. p. with the specimen of the 
anhydro-derivative described below, m. p. 179—180°. 

Dehydration of Isomers A and B of 3: 4:7: 8-Tetrahydro-3-hydroxy-4-phenyl-1 : 2-5 : 6- 
dibenzopentalene (XX) with Copper Sulphate-—The hydroxy-compound (XX), isomer A (1 g.), 
was boiled in xylene (30 c.c.) with anhydrous copper sulphate (1 g.) for 4 hr. The solution was 
filtered and the solids were washed with ether. The filtrate and washings were evaporated 
under reduced pressure, and the residue crystallised from petroleum (b. p. 60—80°), then from 
ethanol, yielding 4: 7(?)-dihydro-4-phenyl-1 : 2-5: 6-dibenzopentalene (XXI; R=H) as 
needles (20 mg.), m. p. 178—180° (Found: C, 94-6; H, 5-9. C,,H,, requires C, 94-3; H, 5-7%), 
and compound X (20 mg.), m. p. 158—159° (Found: C, 92-7, 92-5; H, 6-7, 6-6%). 

The isomer A (1 g.), after being heated as above for 7 hr., gave the anhydro-compound 
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(10 mg.) and compound X (75 mg.). After 10 hours’ heating, compound X (90 mg.) only was 
obtained. 

The hydroxy-compound (XX), isomer B (0-5 g.), was boiled in xylene (10 c.c.) with anhydrous 
copper sulphate (1 g.), and the product worked up as above. After 1-5 hours’ boiling, the 
anhydro-compound (10 mg.) was obtained; after 3 hours the product was compound X (20 mg.). 

Action of Phosphoric Anhydride on 3:4:17: 8-Tetrahydro-3-hydroxy-4-phenyl-1 : 2-5: 6- 
dibenzopentalene (XX) (Isomers A and B).—The hydroxy-compound (isomer A or B) (0-5 g.) 
was boiled in benzene (20 c.c.) with a large excess of phosphoric anhydride for 2—4 hr. After 
addition of water, the benzene layer yielded a residue which crystallised from light petroleum 
(b. p. 60—80°) in colourless needles which melted about 60°, solidified about 80°, and then had 
m. p. 154° (0-3 g.) Laps C, 93-5; H, 6-2. C,,H,, requires C, 93-6; H, 6-4%. C,.Hyi, 
requires C, 94:3; H, 58%). The 3:4: 17: 8-tetrahydro-4-phenyi-1 : 2-5: 6-dibenzopentalene 
(XIX; R = R’ = H) gave no tests for the presence of an olefinic group. 

The infrared spectrum examined in cyclohexane showed strong bands at 745 and 702 cm.-', 
the former being the more intense. ortho-Substituted benzenes do not have a strong band near 
702, whereas monosubstituted benzenes do. The 745 cm.~! band would be due to the second 
band present in monosubstituted benzenes plus a considerable contribution from the ortho- 
substituted rings, as the frequency 745 cm.“ lies very near to the typical band for ortho- 
compounds. 

3 : 4-Dihydro-3-0x0-4-phenyl-1 : 2-5 : 6-dibenzopentalene (IV).—A slow stream of dry air 
was drawn through a solution of bromine (0-1 c.c.) in chloroform (50 c.c.) and then through a 
solution of 3:4: 7: 8-tetrahydro-3-oxo-4-phenyl-1 : 2-5: 6-dibenzopentalene (XVIII) (1 g.) 
in chloroform (50 c.c.) until no bromine remained in the first chloroform solution (7 hr.). The 
second solution was evaporated and the residue passed through a column of alumina and eluted 
with ether. The first fraction was crystallised from methanol and consisted of unchanged 
starting material (XVIII) (0-6 g.), m. p. 132°; the second fraction gave yellow crystals, m. p. 
266—269° (decomp.), of 3 : 4-dihydro-3-0x0-4-phenyl-1 : 2-5 : 6-dibenzopentalene (IV) (Found: C, 
90-0; H, 4-9. C,,H,,O requires C, 89-8; H, 4-8%). 

Reaction of Phenylmagnesium Bromide with 3: 4:17: 8-Tetrahydro-3 : 4-dioxo-1 : 2-5: 6- 
dibenzopentalene (X). 3:4:17: 8-Tetrahydro-3-hydroxy-4-ox0-3-phenyl-1: 2-5 : 6-dibenzo- 
pentalene (XXIII) and 3: 4-Dihydro-3-ox0-4-phenyl-1 : 2-5: 6-dibenzopentalene (IV).— 
The diketone (X) and ethereal phenylmagnesium bromide (2 mol.) were boiled under reflux 
for l hr. The product, obtained in poor yield and isolated in the usual way, crystallised from 
aqueous methanol in colourless needles, m. p. 120°, of 3: 4:7 : 8-tetrahydro-3-hydroxy-4-ox0- 
3-phenyl-1 : 2-5 : 6-dibenzopentalene (XXIII) (Found: C, 84-1; H, 5-1. C,,H,,O, requires 
C, 84-6; H, 5-1%). When the experiment was repeated using more of the Grignard reagent, 
or better phenyl-lithium, the product (poor yield) was 3 : 4-dihydro-3-oxo-4-phenyl-1 : 2-5 : 6- 
dibenzopentalene (IV) which separated from light petroleum (b. p. 40—60°) as yellow crystals, 
m. p. 269—270° (decomp.) alone or mixed with the previously made compound (Found: C, 
89-2; H, 4-8%). 

Epoxide of 2-Benzylidene-3-phenylindan-l-one (XVII).—Hydrogen peroxide (3-5 c.c.; 30%) 
and 6N-sodium hydroxide (1-6 c.c.) were added to a suspension of 2-benzylidene-3-phenyl- 
indan-l-one (2 g.) in ethanol. After 48 hours’ stirring at room temperature, water (100 c.c.) 
was added and the solid collected and recrystallised from methanol, giving the epoxide as needles 
(1-8 g., 86%), m. p. 164° (Found: C, 84-3; H, 5-2. C,,H,,O, requires C, 84-7; H, 5-1%). 

1 : 3-Dihydroxy-2 : 4-diphenylnaphthalene (X XIV).—The epoxide of 2-benzylidene-3-phenyl- 
indan-l-one was (a) added rapidly to a large excess of polyphosphoric acid at 160° with stirring 
and then kept at 192° for 2 min., (6) heated with an excess of concentrated aqueous hydro- 
chloric acid on the water-bath for 3 hr., and then poured into water, or (c) kept (0-7 g.) in 
benzene (20 c.c.) with boron trifluoride in ether (3-7 c.c.; 45% solution) for 5 min., then diluted 
with ether (25 c.c.). After having been washed with water, the ethereal layer yielded a solid. 
Crystallisation from methanol then gave in each case colourless needles, m. p. 163—165° (mixed 
m. p. with the epoxide, 140°) (Found: C, 84-2; H, 5-3. C,,H,,O, requires C, 84:7; H, 5-1%). 
This 1: 3-dihydroxy-2 : 4-diphenylnaphthalene (XXIV) gives no colour with alcoholic- ferric 
chloride, but dissolves in dilute aqueous sodium hydroxide, and is recovered on acidification. 

3:4: 7: 8-Tetrahydro-3-hydroxy-3 : 4-diphenyl-1 : 2-5: 6-dibenzopentalene (XXV).—-A solution 
of 3: 4: 7: 8-tetrahydro-3-oxo-4-phenyl-1 : 2-5 : 6-dibenzopentalene (8 g.) in ether was added to 
a solution of phenylmagnesium bromide, prepared from bromobenzene (8 c.c.), magnesium (2 g.), 
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and ether (100 c.c.), and the mixture boiled for 5 hr. The product, isolated in the usual way, 
crystallised from light petroleum (b. p. 40—60°), giving 3:4: 7 : 8-tetrahydro-3-hydroxy-3 : 4- 
diphenyl-1 : 2-5 : 6-dibenzopentalene (X XV) as needles, m. p. 160° (8-2 g., 80%) (Found: C, 89-4; 
H, 5-8. C,,H,,O requires C, 89-8; H, 5-9%). 

4: 7-Dihydro-3: 4-diphenyl-1:2-5:6-dibenzopentalene (XXI; R = Ph).—The above 
hydroxy-compound (XXV) (8-2 g.) and anhydrous copper sulphate (8 g.) were boiled in xylene 
for 4 hr., then added to water and shaken with ether. The organic layer was distilled under 
reduced pressure and the residue crystallised from light petroleum (b. p. 60—80°), giving 
4: 7-dihydro-3 : 4-diphenyl-1 : 2-5 : 6-dibenzopentalene (XXI; R = Ph) as colourless needles, 
m. p. 202—204° (decomp.) (6-7 g., 86%) (Found: C, 94-1; H, 5-7. C,,H.. requires C, 94-4; 
H, 5-6%). 

Dinitrogen Tetroxide Addition Product of 4: 1-Dihydro-3 : 4-diphenyl-1 : 2-5: 6-dibenzo- 
pentalene.—4 : 7-Dihydro-3 : 4-diphenyl-1 : 2-5 : 6-dibenzopentalene (XXI; R = Ph) (0-3 g.), 
dissolved in carbon tetrachloride (10 c.c.), was treated with liquid oxides of nitrogen (0-4 c.c.; 
b. p. 25—365°) prepared by distilling fuming nitric acid (8-3 c.c.) with concentrated sulphuric 
acid (3-3 c.c.) and arsenious oxide (10 g.). The mixture was stirred at room temperature for 1 
hr. and then evaporated to dryness under reduced pressure. The residue was crystallised from 
benzene, giving the crystalline addition product, m. p. 242° (Found: C, 75-4; H, 4-8; N, 6-7. 
C.gH.,O,N, requires C, 75-2; H, 4-5; N, 6-3%). 


We thank the Department of Scientific and Industrial Research for a Maintenance Grant 
(to S. D. P.) and the Directors of Parke, Davis and Co. Ltd. for the infrared spectra. 
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800. Intramolecular Acylation. Part II. The Cyclisation of 
6-(7-tert.-Butyl-1-naphthyl)propionic Acid. 
By A. J. M. WennHAM and J. S. WHITEHURST. 
Cyclisation of §-(7-tert.-butyl-l-naphthyl)propionic acid occurs predom- 
inantly by angular cyclisation to the benzindanone. An attempted synthesis 


of 9-tert.-butylperinaphthan-l-one by cyclisation of hydroaromatic inter- 
mediates was not successful. 





In Part I ! the cyclisation of 8-7-methy]l-, -ethyl-, and -isopropyl-1-naphthylpropionic acids 
to give only the products of peri-ring closure was reported. We now record the results 
obtained with the 7-¢ert.-butyl analogue. It was made by the same route as the others. 
The acid chloride of the intermediate acid (I) yielded the acenaphthenone (II) when treated 
with aluminium chloride but the free acid could not be cyclised with polyphosphoric acid. 


(Il) (III) (IV) 


The behaviour of 6-(7-tert.-butyl-1-naphthyl)propionic acid to cyclising agents was quite 
different from that of the other alkyl compounds. It was largely unaffected by poly- 
phosphoric acid although traces of two high-melting substances, one soluble in aqueous 
mineral acid, were obtained, but in amounts too small to be characterised. The acid 
chloride with stannic chloride in benzene or aluminium chloride in ethylene chloride gave a 
compound, m. p. 186—187-5°, and an oil, which were separated chromatographically. The 
oil resisted further purification and a dinitrophenylhydrazone could not be obtained from it. 


1 Part I, Wenham and Whitehurst, J., 1956, 3857. 
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Attempted dehydrogenation with bromine-triethylamine gave an impure yellow substance 
partially soluble in dilute hydrochloric acid. These results do not exclude the possibility 
that the original oil might have contained some of the perinaphthanone (III). 

Cyclisation in nitrobenzene produced relatively more of the substance, m. p. 186— 
187-5°, and only a trace of the oil. In hydrogen fluoride the acid afforded two solid com- 
pounds with m. p.s 186—187-5° and 166—168° respectively, and some oil which on this 
occasion contained material soluble in dilute hydrochloric acid. 

Analysis of compound, m. p. 186—187-5°, showed it to be either the perinaphthanone 
(III) or the isomeric benzindanone (IV). Attempts at dehydrogenation were unsuccessful. 
The ultraviolet absorption spectrum agreed fairly closely with those of the benzindanones 
recorded by Ansell and Berman.? The high melting point also indicates the benzindanone 
structure (IV). Johnson and Shelberg* devised a chemical method for distinguishing 
five- from six-membered cyclanones provided there is one z-methylene group. The 
hydroxymethylene derivative of a cyclohexanone on treatment with hydroxylamine and 
sodium methoxide yields a nitrile through an intermediate tsooxazole. A cyclopentanone 
however gives a disubstituted hydroxylamine. Only the latter gives highly coloured salts. 
This elegant test applied to our compound gave the deep red hydroxylamine derivative (V) 
soluble in alcoholic (but not in aqueous) potassium hydroxide to a deep violet solution. 
The compound, m. p. 186—187°5°, thus has structure (IV). 

The substance with m. p. 166—168° had an ultraviolet absorption almost identical with 
that of (IV). Analysis indicated the presence of two butyl groups. As these are almost 
certain to be tertiary it appears to be 2’ : x-di-tert.-butyl-4 : 5-benzindanone. The form- 
ation of such a compound is a further instance of the well-known acid-catalysed transfer of 
tert.-butyl groups.‘ 

As attempts to isolate the perinaphthanone (III) had proved abortive, experiments 
were undertaken to synthesise the compound from the hydroaromatic acid (VI), prepared 
by hydrogenation and subsequent homologation of the unsaturated acid obtained by a 
Reformatsky reaction. The action of aluminium chloride on its acid chloride according 
to the “ inverse ’’ Friedel-Crafts procedure of Johnson and Glenn ® gave an intractable oil. 
Hydrogen fluoride also produced an oil, from which, however, a dinitrophenylhydrazone 
was secured. Unfortunately, this proved to be that of tetrahydroperinaphthan-l-one, the 
tert.-butyl group having been lost during cyclisation. 


CH- ° 
bee CH,-CH,:CO,H 
But i) But But 
N-OH 
2 


(V) (VI) (VII) 


According to molecular models it is only just possible to construct the perinaphthanone 
(III) and the tetrahydro-derivative (VII). It is necessary for two of the methyl groups to 
be arranged skew with respect to the C,,,;-CO bond, and for the C-H linkages in twe of the 
methyl groups to eclipse the linkages attached to the central carbon atom of the butyl 
group. 

It has been mentioned ! that the products from Reformatsky reactions on the tetralones 
under the more usual conditions were low-boiling oils. That from 7-methyl-1-tetralone 
has been examined. The substance gave fairly satisfactory analyses for 1 : 2: 3 : 4-tetra- 
hydro-6-methylnaphthalene but gave positive unsaturation tests, and both the refractive 


* Ansell and Berman, /J., 1954, 1792. 

* Johnson and Shelberg, J]. Amer. Chem. Soc., 1945, 67, 1745. 
* See, for example, Schlatter, ibid., 1954, 76, 4952. 

§ Johnson and Glenn, ibid., 1949, 71, 1092. 
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index and ultraviolet absorption were widely different from those of authentic 1 : 2:3: 4- 
tetrahydro-6-methylnaphthalene prepared by Wolff—Kishner reduction (Huang-Minlon 
modification) of the tetralone. It was inferred that some of the 1 : 2-dihydronaphthalene 
was present. For comparison the dihydro-compound was made by reduction of the 
tetralone with lithium aluminium hydride followed by dehydration. A comparison of the 
ultraviolet spectra showed very clearly that the oil was a mixture of these two components. 
As far as we know, this is the first recorded example of a reduction SCO —» CH, under 
Reformatsky conditions and was all the more surprising as an attempted reduction of the 
tetralone by Clemmensen’s method (Martin modification) proceeded poorly, yielding as 
the main product a viscous oil (which was not further investigated). 


EXPERIMENTAL 


Deactivated alumina contained 1% (w/w) of added water. 

By the general method previously described, tert.-butylbenzene gave $-p-tert.-butylbenzoyl- 
propionic acid (91-5% crude; 76% once crystallised from benzene), m. p. 125—127°. Fieser 
and Price * record m. p. 121—122°. Wolff—Kishner reduction afforded y-p-tert.-butylpheny]l- 
butyric acid, b. p. 147°/0-2 mm., m. p. 56—59° (82%) (Martin ’ gives m. p. 57—60°), sufficiently 
pure for cyclisation to 7-tert.-butyl-1-tetralone, b. p. 108—110°/0-3—0-4 mm., m. p. 95—98° 
(90%). Bromby et al.* record m. p. 101—102°. 

7-tert.-Butyl-l-naphthylacetic Acid.—With the precautions mentioned previously,! a 
Reformatsky reaction on the above tetralone yielded 84% of distilled unsaturated ester, b. p. 
125—140°/0-3 mm., hydrolysed to the crude acid, m. p. 64—78°. 7-tert.-Butyl-x : y-dihydro- 
l-naphthylacetic acid (or isomer) separated from light petroleum (b. p. 40—60°) in prisms, 
m. p. 80-5—81-5° (Found: C, 78-5; H, 8-3. C,,H, O, requires C, 78-7; H, 8-3%). Heating 
the distilled unsaturated ester (35-4 g.) with sulphur (4-4 g.) for 2 hr. at 220—260° gave methyl 
7-tert.-butyl-l-naphthylacetate, b. p. 127—-128°/0-04 mm., which on hydrolysis afforded the 
acid (21-45 g.; m. p. 64—68°, which crystallised from hexane as elongated rhombs, m. p. 78— 
79-5° (Found: C, 78-9; H, 7-4. C,,H,,O, requires C, 79-3; H, 7-5%). 

8-(7-tert.-Butyl-l-naphthyl)propionic Acid.—This was made as for the 7-methyl compound. 
The methy] ester, b. p. 140—142°/0-07 mm. (74%), was hydrolysed to the acid which crystallised 
from benzene in blunt needles, m. p. 146-5—149° (Found: C, 79-8; H, 7-8. C,,H, O, requires 
C, 79-7; H, 7-9%). 

8-tert.-Butylacenaphthen-\l-one (I1).—7-tert.-Butyl-l-naphthylacetic acid (1 g.) in ether 
(10 ml.) containing pyridine (1 drop) was treated with thionyl chloride (2 ml.) and refluxed 
(3 hr.). The solvent and excess reagent were removed completely and the residue stirred with 
aluminium chloride (0-63 g.) in dry ethylene chloride (20 ml.) for l hr. After addition of dilute 
hydrochloric acid the organic layer was separated, washed and dried (MgSO,). 8-tert.-Butylace- 
naphthen-1-one formed platelets (0-45 g., 49%), m. p. 89—91°, from hexane. An analytical 
sample (from hexane) melted at 85—-87°, solidified, and remelted at 90—91-5° (Found: C, 85-0; 
H, 7-1. C,,H,,O requires C, 85-7; H, 7-2%). 

Cyclisation of 8-(7-tert.-butyl-l-naphthyl) propionic Acid.—(a) With stannic chloride. The acid 
(5 g.) in benzene (50 ml.) was converted into its acid chloride with phosphorus pentachloride 
(6 g.) and treated with stannic chloride (15 g.) as described previously. The crude oil containing 
some crystalline material (4-29 g.), crystallised from cyclohexane, gave 2’-tert.-butyl-4 : 5- 
benzindan-l-one (IV) (compound A) (2-31 g., m. p. 184—186°). An analytical specimen had 
m. p. 186—187-5° (Found: C, 85-3; H, 7-6. C,,H,,O requires C, 85-7; H, 7-6%), Amin. (log ¢ in 
parentheses here and below) 253 (4-82), 273 (4-02), 282 (4-07), 334 (3-46), 347 (3-52), Amax, 267 
(3-96), 277 (4-00), 307 (2-95), 338 mu (3-44). The mother-liquors were evaporated to dryness and 
the residue chromatographed over alumina in benzene. Elution gave first a dark oil (0-70 g.) 
which could not be further purified, then compound A (0-28 g.), m. p. and mixed m. p. 185—187°. 

(b) With aluminium chloride. (i) In ethylene chloride. The acid (5 g.) was treated with 
thionyl chloride (5 ml.) in benzene (25 ml.). After repeated evaporation with benzene, the 
residue was dissolved in ethylene chloride (100 ml.), cooled to 0°, and treated, whilst being 
stirred, with aluminium chloride (3-2 g.) during 5 min. After 1} hr. at room temperature the 

* Fieser and Price, J]. Amer. Chem. Soc., 1936, 58, 1838. 

? Martin, ibid., p. 1438. 

* Bromby, Peters, and Rowe, J., 1943, 144. 
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deep green solution was worked up. The brown sticky product was crystallised once from 
cyclohexane, to give compound A (2-2 g., 47%). The mother-liquors were evaporated, and the 
residue was chromatographed in benzene on deactivated alumina: elution and evaporation gave 
intractable pale brown oils (2-11 g.). 

(ii) In nitrobenzene. The acid (0-5 g.) was treated with thionyl chloride (5 ml.) in ether 
(5 ml.) containing pyridine (1 drop). The acid chloride, freed from sulphur compounds, was 
treated in nitrobenzene (10 ml.) with aluminium chloride (0-32 g.) at room temperature (stirring). 
The product was isolated as before. Compound A (0-31 g.), m. p. and mixed m. p. 185—187°, 
and a trace of oil were isolated. 

(c) With hydrogen fluoride. The acid (12-23 g.) was added to anhydrous hydrogen fluoride 
(120 ml.), and the solution allowed to evaporate spontaneously during 24 hr. Dilute sodium 
hydroxide solution was added and the organic material extracted with benzene-ether, washed 
and dried. Evaporation left a dark brown sticky solid which was treated with cold concentrated 
hydrochloric acid (this removed only intractable material), and the residue in dry benzene 
(MgSO,) chromatographed on alumina (65 g.). Four fractions were eluated. Fractions (2), 
(3), and (4) yielded after evaporation and crystallisation from cyclohexane 2’-tert.-butyl-4 : 5- 
benzindan-l-one (2-55 g., 22-2%), m. p. and mixed m. p. 178—184°. Fraction (1), together 
with the mother-liquors from the crystallisation of fraction (2), was evaporated and the residue 
chromatographed in light petroleum (b. p. 40—60°) on alumina (60g.)._ The first 50 ml. of eluate 
(the column being developed with light petroleum) yielded, after evaporation and crystallisation 
from cyclohexane, colourless needles of a di-tert.-butyl-4 : 5-benzindanone (0-36 g.), m. p. 166— 
168° (Found: C, 85-1; H, 8-6. C,,H,,O requires C, 85-7; H, 8-9%), Amax, 255 (4-82), 273 (4-01), 
288 (4-05), 343 (3-42) (shoulder), 353 (3-46), Amin, 269 (3-98), 278 (3-98), 307-5 my (2-79). 

2’-tert.-Butyl-2-hydroxymethylene-4 : 5-benzindan-l-one.—This was made by adding 2’-ert.- 
butyl-4 : 5-benzindan-l-one (2-50 g., 0-0105 mol.) in benzene (100 ml.) to a swirled mixture of 
ethyl formate (1-56 g., 0-0210 mol.), benzene (10 ml.), and sodium methoxide [from sodium 
(0-48 g., 0-21 mol.) and dry methanol (8 ml.), finally evaporated and baked in a vacuum at 200°] 
under dry oxygen-free nitrogen at ca. 10°. The solution became red and after 6 hr. the cake 
was broken up, and the mixture warmed to 40° and set aside overnight. Dilute sulphuric acid 
was added, and the organic layer removed and extracted with cold 5% aqueous potassium 
hydroxide. From the aqueous layer, by treatment with dilute hydrochloric acid, there was 
obtained the crude, almost colourless, hydroxymethylene compound [1-98 g., m. p. 186—188° 
(decomp.)]. Crystallisation from benzene furnished fibrous needles (1-19 g.), m. p. 179—181°. 
Further recrystallisation caused unusual changes in the appearance of this compound and it was 
not possible to purify it to constant m. p. 

NN-Di-(2’-tert.-butyl-l-oxo-4 : 5-benzindan-1\-ylidenemethyl)hydroxylamine (V).—The above 
hydroxymethylene compound (1 g.) was stirred vigorously with hydroxylamine hydrochloride 
(0-31 g., 20% excess) and glacial acetic acid (15 ml.). After 24 hr. the red solid was collected, 
triturated with water, and dried [0-92 g.; m. p. 234—236° (decomp.)]. Crystallisation from 
tetrachloroethane furnished the hydroxylamine (0-25 g.), m. p. 255—257° (decomp.) (Found: 
C, 82-5; H, 6-7; N, 2-8. C,,H,,O,N requires C, 81-6; H, 6-7; N, 2-6%), as fine red needles 
with a green sheen. 

8-(7-tert.-Butyl-1 : 2: 3: 4-tetrahydro-1-naphthyl)propionic Acid.— -tert.- Butyldihydro- 1 - 
naphthylacetic acid (from 25-44 g. of dehydrated Reformatsky ester) was shaken with hydrogen 
and platinic oxide (400 mg.) in acetic acid (150 ml.) (uptake 2240 ml.; theor. 2400 ml.). The 
filtered mixture was evaporated at reduced pressure, and the residue dissolved in ether, washed 
with water, dried (MgSO,), and distilled. The main fraction (17-56 g.), b. p. 144— 
146°/0-03 mm., was impure 7-éert.-butyl-1 : 2: 3: 4-tetrahydro-l-naphthylacetic acid (Found: 
C, 77-0; H,9-2. Calc. forC,,H,,0,: C, 78-0; H, 9-0%). It (17-50 g.) was converted inio its 
acid chloride with thionyl chloride (20 ml.) in benzene (20 ml.) and after complete removal of 
solvents and excess of reagent, was added in dry ether (50 ml.) dropwise to diazomethane (from 
35 g. of methylnitrosourea) in dry ether (ca. 250 ml.). Evaporation at reduced pressure left the 
yellow oily diazo-ketone which was treated in dry methanol (150 ml.) with silver benzoate (2 g.) 
in triethylamine (10 ml.), and the product was isolated as before. The distilled product 
(14-34 g. of pale yellow oil, b. p. 116—118°/0-04 mm.) was hydrolysed with 20% aqueous 
potassium hydroxide. Acidification, extraction with ether, and distillation furnished the 
tetrahydro-propionic acid (12-21 g.), b. p. 148—152°/0-04 mm. (Found: C, 78-8; H, 9-7. 
C,7H,,0, requires C, 78-4; H, 9-3%), which solidified. 
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Attempted cyclisation. The propionic acid (9-39 g.) was treated with phosphorus penta- 
chloride (8-28 g.) in benzene (20 ml.) and after 1 hr. the solution was repeatedly evaporated with 
benzene at reduced pressure. The residue in benzene (105 ml.) was added dropwise to 
aluminium chloride (6-27 g.) and benzene (120 ml.) at 0° and left for 2 hr. Working up in the 
usual way gave the following arbitrary fractions (at 0-05 mm.): (a) up to 114° (0-18 g.), smell 
of tert.-butylbenzene; (b) 114—124° (4-21 g.), pale yellow, aromatic odour; (c) 124—160° 
(1-62 g.). From fraction (6) was isolated the 2: 4-dinitrophenylhydrazone of 3a: 4: 5: 6-tetra- 
hydroperinaphthan-l-one as deep red plates (from xylene), m. p. 243—244° (decomp.) (Found: 
C, 62-5; H, 4-8; N, 14-9. C,,H,,0,N, requires C, 62-3; H, 5-0; N, 15-3%). No pure material 
could be isolated by attempted dehydrogenation of (5) with sulphur or 30% palladium-—charcoal. 

1: 2:3: 4-Tetrahydro-7-methyl-1-naphthol and 1: 2-Dihydro-6-methylnaphthalene.—The 
alcohol was prepared by adding 7-methyl-1-tetralone (10 g.) in ether (100 ml.) to a gently 
refluxing solution of lithium aluminium hydride (1-0 g.) in ether (100 ml.) during 20 min. After 
ethyl acetate (1 ml.) had been added, the product was worked up in the usual way. Crystallis- 
ation of a portion from hexane gave long colourless needles of the alcohol, m. p. 52—-53° (Found: 
C, 81-0; H, 8-7. C,,H,,O requires C, 81-4; H, 8-7%). 

The remaining material was heated with potassium hydrogen sulphate (1 g.) at 160° for 
$hr. After addition of water, the hydrocarbon was isolated with ether. It was finally distilled 
(at 0-07 mm.) from potassium hydrogen sulphate (1 g.) and then redistilled (ca. 6 g.), having 
b. p. 48°/0-05 mm., nif 1-5752 (Found: C, 91-7; H, 8-3. C,,H,, requires C, 91-6; H, 8-4%), 
Amax. 265 (3-95), 303 (3-02), Amin. 238 (3-47), 299 my (2-93). 

Authentic 1: 2: 3: 4-tetrahydro-6-methylnaphthalene had mi‘ 1-5388 and Amax, 271 (2-87), 
280 (2-94), Amin, 240 (1-68), 277 mp (2-65). 
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801. Electronic Atom and Bond Populations in Unsaturated 
Molecules. 


By V. W. MASLEN and C. A. CouLson. 


The general theory of conjugated systems with x electrons has been 
extended to include explicit account of overlap integrals commonly neglected. 
This links it with Mulliken’s theory of electronic atom and bond populations. 
Contour integral and other expressions are obtained for the atom and bond 
polarizabilities analogous to those first introduced by Coulson and Longuet- 
Higgins. A series of general theorems concerning these polarizabilities is 
established. Some numerical calculations show that predictions of chemical 
and physical behaviour are not greatly affected by this new development. 


In a series of five papers? Coulson and Longuet-Higgins have applied the simple 
molecular-orbital (MO) theory, without overlap, to the x-electronic structure of conjugated 
systems. In these papers, a x-electron density q, is associated with atom r and a bond 
order ~,, with bond rs. These two quantities, together with a set of polarizabilities, can 
describe many properties of conjugated systems. The great advantage of the treatment 
is that, despite its simplicity, it often yields excellent agreement with experiment. 

We now try to retain the simplicity and generality of the original treatment, but to 


1 Coulson and Longuet-Higgins, Proc. Roy. Soc., (a) 1947, A, 191, 39, (b) 1947, A, 192, 16, 


(c) 1948, A, 198, 447, (d) ibid., p. 456, (ec) 1948, A, 195, 188. 
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remove the assumption of zero overlap between adjacent = orbitals. When these overlap 
integrals are included our previous definitions of charge and bond order require modific- 
ation. So far as the charge distribution is concerned, Wheland * showed that there is a 
simple way of re-allocating the total charge among the various atoms. This analysis was 
extended and generalised by Chirgwin and Coulson,’ who obtained certain general theorems 
analogous to those in refs. la and 6, and by Léwdin,‘ who gave an alternative definition of 
charge and bond order (but this omits any question of bond charges). Recent accurate 
X-ray analysis of molecular crystals has shown that there is a small tendency for charge 
to concentrate along the bond “lines.”” It is convenient therefore to introduce bond 
charges as well as atom charges. In the valence-bond scheme it used to be customary to 
speak of “ charges de liaison.’ In the molecular-orbital scheme—with which alone we 
shall be concerned—Mulliken 5 and McWeeny *? defined a bond charge in terms of the 
coefficients of adjacent x orbitals and the corresponding overlap integral. Since the 
existence of this bond charge is directly dependent on the overlap integral, Mulliken 
suggested the use of the phrase “‘ overlap population.’’ The overlap population and the 
atomic population together account for all the electrons considered. 

Since there is evidence from X-ray scattering that these atom and bond charges possess 
rather more physical meaning than the extended atom charges in the theories of Chirgwin, 
Coulson, and Léwdin (these are identical with Mulliken’s “ gross atomic populations ’’), 
it is interesting to see how far the general theory of Coulson and Longuet-Higgins can be 
applied to them. We now show that relations similar to those of the earlier work can be 
obtained, both by means of certain new contour integrals and also in terms of the LCAO 
coefficients in the occupied molecular orbitals. Thus not only atom and bond charges, 
but also a series of polarizabilities, can be defined and related. We have also illustrated 
these relations by some detailed numerical calculations. 

When overlap integrals S,, are included, the algebra becomes rather difficult, and it 
is not always easy to see what the calculations show, so it is often convenient to adopt 
Wheland’s approximation,” that the ratio S,,/8,, for a given link between atoms r and s 
has a value () independent of the length of the link and dependent only on the two atoms 
at the ends of the link. This constant ratio of resonance integral and overlap integral 
cannot be rigorously correct, but Mulliken * has shown that it cannot be far wrong at 
ordinary distances and its use greatly simplifies calculations. For notation, see ref. la; 
some familiarity with the work in refs. 1b, lc is assumed. 

Since this work was completed, similar calculations have been published by Bassett 
and Brown.*?° There are certain significant differences, usually leading to quite distinct 
formule. Thus whereas we have dealt with the bond charge defined below in (4), Bassett 
and Brown omitted the overlap integral in their definition and so, although they refer 
to it as a bond-charge density, they have really been dealing with bond orders and not 
bond charges. For example, the sum of their atom and bond charges is not equal to the 
number of x electrons, and has no simple physical meaning. There are corresponding 
related differences which arise when the fundamental Wheland assumption (8/S = constant) 
is introduced in a polarizability calculation. The bond charge should change both because 
the bond order changes and also because the degree of overlap changes. We therefore 
believe that our analysis has more physical significance than theirs, though certain of the 
results are the same in the two theories. 


2? Wheland, J. Amer. Chem. Soc., 1942, 64, 900. 

8 Chirgwin and Coulson, Proc. Roy. Soc., 1950, A, 201, 196. 
* Léwdin, J. Chem. Phys., 1950, 18, 365. 

5 Mulliken, ibid., 1955, 28, 1833, 1841, and refs. therein. 

* McWeeny, ibid., 1951, 19, 1614. 

7 Idem, ibid., 1952, 20, 920: 

® Mulliken, J. Chim. phys., 1949, 46, 675. 

* Bassett and Brown, Austral. J. Chem., 1956, 9, 305. 

1° Idem, ibid., p. 315. 
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DEFINITIONS 
Let there be » distinct atomic orbitals (a.o.) ¢, (r = 1, 2...m), real and normalized, 
from which the molecular orbitals (MO) are to be constructed. The jth of these may be 


written in normalized form 
n 


ty = > cals 


r=1 


N}? = > Cf + 2 > > Cr Csj in 
r 


r<s 


where 


The electron density in such an orbital is 
Pi? = (X Oy? Gr? + 2D D O45 Coy de $s)/Nj? 
r r<s 


In the theories of Wheland and of Chirgwin and Coulson it was usual to split this density 
into atomic densities, such that the fractional charge on atom r was 


(xj? + > Cry Cay Sra) NZ? 
sr 
Such a division preserves the total charge of unity. By addition of quantities such as 


these for each x electron present, the gross atomic population could be obtained. But in 
the newer theory we have the alternative association represented by 


Qj = ¢,?/N? on atomr i ew « « Soe Be 
Grx,j = Wy CySp/NZinbondrs . . . . . . (2) 


By summation over occupied orbitals we obtain the total atom charge 
qq, = > Ig = p3 nj Cy?/N;?. . . ° . ° ‘ ° ° (3) 
j 
and total bond charge 


dre = Mj Gems = 2D, Mj Cj Cj Sel Nj? ye ects oat 
j 


where 1, is the orbital occupation number 0, 1, or 2. When the molecule is in its ground 
state, n; = 2 for the lowest m orbitals (often, though not always, m = n/2), and n; = 0 
for all other orbitals. We shall only consider such ground states. x; is, of course, 
merely the total number of =x electrons. 


ConToUR INTEGRAL EXPRESSIONS 


Let E; be the energy of an electron in the MO yf; (we reserve the symbol e, to denote, 
as in ref. la, the corresponding energy when all overlap integrals are zero). Then 


| Py Hyyds Doe? a + 2D D ej Cj Brs 
» onde ot ht 
| $7? de 2 Cy? + 2) > rj C55 Srs 


where ¢, = [eH beds, — [ee Hdsas fe 





Su = |$e$sdt = Se 
The secular determinant which gives E; is 


A = det|8,, — ES,| = 0, with By = %, Sp = 1. 
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It follows that £ is a function of «,, 8, and S,. By differentiation 














dE; E dE 
sE; = > 5, a 3a + EES Mat EE 5 5, 8S (6) 
From (5) and (6) we obtain 
=) - <3 (7 
Ot Jamo Dd Cy? + 2D > Cy C5; Sirs oe ae 
ond r r<s 
. 5a ane 2 Sis Cry Cag 
Sw igh apie 
( “Ter FESS cae Se " 
Summation of (7) and (8) over occupied levels then yields 
dE; _ (08 
© = 95. (st), =(5e)a-» 
: dE . (0é 
Grn = 2 Sr j = Sis (55. ), 
‘ j 5 (ian OBrs =0 
where & = 2 s E; 
j=1 
Proceeding similarly to ref. la, we obtain 
_ _ 9 PAnr (Es) _ A,r (E) aE 
qr = 2 AE) = fe AE) Sa 
as, (pee $ BadED — — 4See_ypong AnlBNAE 
Gra 4S; ( ¥ “2 F (E}) — oni ( ) 4 A(E) (10) 
- (E) a f A‘(E) _ 
and re te AE dE =} of? 5 ney "E+ ee + 


where the contour @ is the infinite semicircular contour shown in Fig. 1 and the energy 
zero is so adjusted that 


E, < E,<---- < En <0 <Eniy <---< Ey 


This is usually satisfied by taking as energy zero the energy of an electron around a carbon 
atom. With alternant hydrocarbons this is always possible. To reduce these expressions 
further, we need to examine the limiting forms of their integrands for large E. The 
expansion of the secular determinant is 


A = (—)"%AE* -- BE*" + ---- } 
where A =S,B =} > (—)*** Br Sis 


and §S is the determinant of the overlap matrix. 
S,,. is the determinant obtained from S by striking out the r-th row and s-th column. 
It follows that for large |F] 


A,r Se, e. 1 


S E 


so that the part of the integral in (9) which arises from the infinite semicircle is simply 
S,../S. Thus 
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Similarly 
drs = 2 Sa(— yoo {Se — r,s 1 zfs a) ay ° . . . (13) 
and 
€=B 4 ie iy 40) _ a 14 


If we put S,, = 0 for all r ~s, the expressions (12) and (14) reduce to (38) and (41) of 
ref. la, whereas (13) reduces to zero, as expected. 


Fic.1. Integral contour in E- and 2-space. Fic. 2. Integral contour in x-space. 
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THE WHELAND ASSUMPTION 


Our equations (12)—(14) become simpler if we adopt the Wheland assumption that all 
8; are proportional to S,,, and all a = «. Such an assumption is particularly suitable 
to the case of polycyclic hydrocarbons and polyene chains. Now 


Brs = ESs = Br (1 7 RE) 


where k = S,,/8,, = a constant = S/8, where S and 6 are standard integrals as, for 
example, in benzene. Thus 


A = det|8,, — ES,.| = (1 — RE)"D(x) > Pointe, ae 
where x = (E — a)/(l — RE) im wee Qn 
and —% By Big --- Bin 

D(x) =| Bey —* Bos--- cowl wy amie gy 
Bra ~~~ —s 


D(x) is the secular determinant that would be obtained by putting all overlap integrals 
equal to zero. As Wheland ™ has shown, the relation (16) is equivalent to 


S-on + Oe eS ee 


where y = 8 — S« and M = x/8. We shall shortly use the latter relation. Its physical 
advantage is that it introduces the “ revised” resonance integral y instead of the earlier 
one 8. y is invariant for a change in zero of energy, but @ is not.12_ In these terms 


I: = l f bE) D,, (x) AE 
a ¢(l — DG) ~~ 
with a similar equation for 4,.. 


11 Wheland, J. Amer. Chem. Soc., 1941, 68, 2025. 
12 Mulliken and Rieke, ibid., p. 1770. 
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If we now put z= — «a this becomes 
; 1 ic} 4 D,. r(x) F 


We next alter the variable of integration from z to x. The relation between these two 
co-ordinates is that 

Bz yx 

Cee eee ° => ——- e . . . . l 

. — Sz’ * 8+ Sx (19) 
The contour @ of Fig. 1 transforms into the contour D of Fig. 2, but since 8 and y are 
negative, and S and M are positive for the occupied levels, and S < 4 in all cases of 
conventional z-electron chemistry, all the poles in the integrand lie either between E and A 
or on the negative real axis of x. We may therefore deform the contour so that it becomes 
the imaginary axis and the infinite semicircle to the right of it. The contribution to the 
integral from the semicircle is zero, and so 











_— 1 - 8 ° D r, r(iy) 6 2? 
qe = — =! . a+ iSy Dy) dy o» + = eo 
In exactly the same way 
on an oot” 8 _D,,.(iy) , ° 
pea “eau. | «2 8+iSy D(iy) dy (- e 
a & f F = iy _D ‘(y) as n eda 99 
€ = 2ma + Ie r - iy’ Diy) ~ BF Sy dy co 


Equations (20) and (21) have not been given before, but (22) has been obtained in a rather 
different way by de Heer.4* This completes our derivation of the formule for atom 
charge, bond charge, and total = energy. 


ATOM AND BoNnD POLARIZABILITIES 
The definitions of these quantities follow as closely as possible those of ref. la. They 
are 
f.= 09+ ° = on 09s : a 04 . — 09rs 9 
es = Ox, ’ Trs.t = Oa > tr = 08. > r,t = Bin ° (23) 


General expressions for these quantities can be written down at once by partial differenti- 
ation of (12) and (13). But we shall find it convenient to discuss two particular cases: 
(a) We imagine the overlap integrals to be kept constant in the course of the differentiations 
(23); (0) we use the Wheland assumption, from which it follows that 8S,, = (S,./8,s)88, = 
k88,,. In making the differentiations, we must now use equations analogous to (6), 
allowing for this variation of S,.. 


Case (a): 8S put equal to zero.—From (9), by analogy with eqn. (57) of ref. la: 


1 (/A,.\? 
a ( A ) = 
By successive transformations, first to z and then to x: 


ee cleB[® [Onsl)]? 5, _ 8 ; 
maa ate ° Bae ay = 8 ah iin tienes a 





Tr, = 


13 de Heer, Phil. Mag., 1950, 41, 370. 
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Similarly: 
ee ere er, 
an thie 4 «1.2 Z i ot. 
Toate = BSBlimeedog - - « © - + + (2%) 


where the suffix zero denotes that the polarizabilities are calculated with complete neglect 
of all overlap integrals. 

Case (6): 88 proportional to 8S.—The polarizabilities x,,, and =,.,, defined in this case are 
independent of any variations of 8,., and are therefore still given by (24) and (25). A 
discussion similar to that in ref. la shows that the other two polarizabilities are given by 


B e D,, Ds, t 


2(—)r* 














@ 
Tr, == SS eS ° 9 
“15 = - o 8 + iSy D2 dy ° . . e (28) 
7 _ Fu tu 2(— y* wining ~ fF =— 8 “= Dru Dat > r,t Ds,u ‘ < 
“rs, ta — Bin ed + = Sie a 8 + iSy D mal) Daas dy (29) 


In (28) and (29) the function, D,,,, etc., are all functions of the variable iy, and 88 is the 
Kronecker “ delta function.”’ It is possible 1* to derive alternative expressions for these 
polarizabilities in terms of the fundamental coefficients c,; in the various molecular orbitals. 
The expressions in case (a) follow at once from eqns. (64)—(67), of ref.la. But instead of 
(28) and (29) we have 
anil { $i Cj Cox (Cj Cok + Cuj Cr) Sly ee} 
=1 21 
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SoME GENERAL THEOREMS 


Several theorems proved earlier ?*° can be modified to apply to our new atom and 
bond charges. The results are given below without proof for a few important cases. 

(1) g, must be positive. (2) For alternant hydrocarbons, where we assume (i) equality 
of all a,, (ii) equality of all 8,, for neighbour atoms, and neglect of all other 8,,, and (iii) 


8,; proportional to S,,, 
Gr +4 > Grs = 1. 


sr 
(3) In all casesgp-+4 > der <2 


sr 
(4) rs < 45,3 Wr Ys 


(5) m,,- and 75,3 are both negative, whether we consider case (a) or case (5) of p. 4046. 


=2 Qr%r + be) 9rs(Brs/S 


r<s 


In particular, for alternant hydrocarbons, as in theorem (2): 


& = constant + k? > > ars 


r<s 


showing that the bond charge g,, may be used as an indication of the contribution of the 
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bond rs to the total x-electron energy. We are indebted to Dr. J. A. R. Coope for pointing 
this out to us (see also Mulliken 5). 


(7) >a + > > rs = 2m 


r<s 


(8) > m2 + } } =, = 0 for both cases (a) and (b) 


r r<s 


(9) > =, + > > ms, = 0 for both cases (a) and (0d). 


r r<s 


NUMERICAL CALCULATIONS 
We have made some calculations for alternant hydrocarbons [with the approximations 
cited in Theorem (2)] but, in agreement with the energy calculations of de Heer !* and 
others (cf. refs. in de Heer’s paper), we find that the agreement with experiment is generally 


Fic. 3. Alom and bond charge densities for several polyacenes and linear polyenes (S = 1/4). 
0-8 
0-4 
0-62 075 
Os O/4 
0-83 O75 077 
034 0% O30 
0:77 

















0-83 0-75 
O33 O-/7 0-23 se th halla ie 
0-78 0-77 
0-28 OR 
0:76 
0:20 
0:76 0:77 
0-27 0-1/9 
0:76 
0-24 0-2/ 


unchanged when overlap is included. There is practically no change in the correlation 
of free valence with localization energy, or of bond charge (as compared with bond order) 
with bond length. 

To give some idea of the magnitude of the atom and bond charges, we give in Fig. 3 
their values for linear polyenes and for some polyacenes. (All numerical results in 
the Figures and Tables were evaluated at S =}.) It is clear from this Figure that 
the alternant nature of these molecules is now apparent from both their atom and bond 
charges; this was not so with the simpler theory where the atom charges were all unity. 
It is difficult at present, however, to say whether the atom charge or Mulliken’s “ gross 
atomic population ” ® is the better for studies of reactivity. Perhaps, when the experi- 
mental data for the susceptibility to attack of the a- and 8-positions of naphthalene become 
more definite, we shall be able to clear up this point. : 

One difference in the predictions for zero overlap and for inclusion of S occurs in the 
value of the bond-bond self-polarizability. As implied in eqn. (29), this depends critically 
upon the relation of 8S to 88. In Tables 1 and 2 we give the values of the bond—bond 
polarizabilities for benzene and naphthalene for the two cases (a) 8S = 0 and (5) 8S = Rs. 
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In Tables 3 and 4 we list the atom—bond polarizabilities for case (b). For case (a) these are 
zero, but in case (b) some of these polarizabilities also are quite large. In Tables 1—4 the 
units are 1/y. 


TABLE 1. Mutual bond polarizabilities in benzene. 


(a) kB = S,8S =0 (b) kB = S, kBB = 8S 
Bond 1-2 1-2 

1-2 0-1204 0-2877 

2-3 —0-1019 —0-0931 

3-4 0-0648 0-0625 

4-5 —0-0463 —0-0457 


TABLE 2. Mutual bond polarizabilities in naphthalene. 
Case (a): kB = S,8S =0 
Case (b): kB = S, 8B = 8S. 


10-9 9-1 1-2 2-3 
Bond (a) (b) (a) (0) (a) (0) (a) (0) 
10-9 0-127 0-231 —0-055 — 0-048 0-033 0-032 —0-021 —0-020 
9-1 —0-055 —0-048 0-144 0-261 —0-091 —0-083 0-056 0-054 
1-2 0-033 0-032 —0-091 —0-083 0-105 0-300 —0-105 —0-095 
2-3 —0-021 —0-020 0-056 0-054 —0-105 —0-095 0-148 0-283 
3-4 0-033 0-032 —0-037 -—0-037 0-062 0-060 —0-105 —0-095 
4-10 —0-055 —0-048 0-048 0-046 —0-037 — 0-037 0-056 0-054 
10-5 —0-055 —0-048 —0-013 —0-013 0-013 0-013 —0-023 —0-022 
5-6 0-033 0-032 0-013 0-013 —0-010 —0-010 0-016 0-016 
6-7 —0-021 —0-020 —0-023 —0-022 0-016 0-016 —0-016 —0-016 
7-8 0-033 0-032 0-030 0-029 —0-016 —0-016 —0-016 0-016 
8-9 —0-055 —0-048 —0-073 —0-065 0-030 0-029 —0-023 —0-022 


TABLE 3. Atom bond polarizabilities in benzene. 
Case (b): kB = S, kBB = 8S 


ilk IB. AE 1-2 2-3 3-4 
Wades)" WecckunbchanatbsadavelbbeSibeabvadedeite —0-097 0-015 —0-008 


TABLE 4. Atom bond polarizabilities in naphthalene. 
Case (b): &B = S, kBB = 8S 


Bond Atom 1 2 9 

1-2 —0-109 —0-102 0-011 
2-3 0-021 —0-094 —0-006 
1-9 —0-089 0-015 —0-074 
8-9 0-018 —0-003 —0-074 
4-10 —0-005 —0-009 0-007 
3-4 —0-012 0-018 —0-004 
9-10 0-008 —0-006 —0:067 
5-10 0-000 0-005 —0-009 
5-6 —0-001 —0-003 —0-004 
6-7 0-003 0-000 —0-006 
7-8 —0-007 +0-000 0-012 


One of us (V. W. M.) acknowledges a Hackett Studentship from the University of Western 
Australia. 
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802. The Steric Inhibition of Mesomerism in Aromatic Compounds. 
By J. W. SMITH. 


The dipole moments of 2: 4: 6-tribromobenzaldehyde, o-methylaceto- 
phenone, and 2: 4: 6-tribromoacetophenone in benzene solution are 2-53, 
2-60, and 2-58 pb, respectively. Dipole-moment evidence regarding the 
relative steric effects of o-methyl groups and o-bromine atoms in inhibiting 
the mesomerism of various groups linked to a benzene nucleus is reviewed. 
The mesomerism of an amino- or hydroxyl group is decreased by methyl 
groups but not by bromine atoms, whilst that of an aldehyde is decreased by 
bromine atoms but not by methyl groups. Both substituents diminish the 
mesomerism of a nitro-group, but bromine atoms have the greater effect. 
The mesomeric effect of the dimethylamino-group seems to be repressed 
almost completely by either substituent: that of the acetyl group is also 
repressed strongly by bromine atoms, but methyl groups have a similar 
effect only when they occupy both ortho-positions. It is inferred that 
factors other than the “‘ size’’ of the obstructing groups are involved, and 
it is suggested that interactions between a hydrogen atom of a methyl, 
aldehyde, amino-, or hydroxyl group and a bromine atom have a less strongly 
repulsive character than the interactions at equal internuclear distances 
between oxygen and bromine atoms, or between a hydrogen atom and a 
methyl group. Models based on a fixed scale of atomic radii may therefore 
give misleading impressions of the possibilities of steric interference between 
groups. 


THE mesomeric effect of a group substituted in an aromatic nucleus is conditioned by the 
overlap of an orbital of the substituent group, or of the atom adjacent to the aromatic 
ring, with the x-electron system of the ring. For the nitro-, formyl, acetyl, hydroxyl, 
alkoxyl, amino-, and substituted amino-groups maximum overlap is attained when the 
plane of the substituent comes as near as possible to the plane of the aromatic ring. Hence 
any factors which tend to inhibit attainment of this conformation will reduce the meso- 
meric effect of the substituent. Since the mesomeric effect in a benzene derivative is 
reflected in the vector difference between its dipole moment and that of its aliphatic 
analogue, changes in this ‘‘ mesomeric moment ” on introducing potentially obstructive 
ortho-groups have frequently been used as evidence of steric inhibition of mesomerism. 
The most convincing examples have involved comparisons of the dipole moments of 
nitromesitylene ? (3-67 Dp) and nitrodurene * (3-62 Dp) with that of nitrobenzene * (4-01 pb) 
and of the moments of dimethylmesitylene * (1-03 Dp) and of 2: 4: 6-tribromo-NN-di- 
methylaniline > (1-02 p) with that of NN-dimethylaniline (1-58 p). The fact that the 
moments of the two trisubstituted dimethylanilines are almost equal, and not much higher 
than the moment of trimethylamine (0-86 D), suggests that in these compounds the 
mesomeric effect of the dimethylamino-group is almost wholly suppressed. Mesomerism 
appears to be strongly inhibited also in methylmesidine, the dipole moment ® of which 
(1-22 Db) is much lower than that of N-methylaniline 7? (1-61 D) and nearer to that of 
dimethylamine ® (1-17 p). 


* Dipole-moment values quoted without reference are mean values from the literature, recalculated 
when necessary by using modern values of the universal constants. 


1 Sutton, Proc. Roy. Soc., 1931, A, 138, 668. 

* Hammick, New, and Williams, /J., 1934, 29. 

® Kofod, Sutton, de Jong, Verkade, and Wepster, Rec. Trav. chim., 1952, 71, 521. 
* Birtles and Hampson, /., 1937, 10. 

5 Few and Smith, /., 1949, 2663. 

* Smith, J., 1953, 109. 

? Few and Smith, J., 1949, 753. 

® Le Févre and Russell, Trans. Faraday Soc., 1947, 43, 374. 
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It has been shown,® however, that repression of the mesomeric effect is only partial 
in nitromesitylene and nitrodurene, but is probably almost complete in 1 : 3 : 5-tribromo- 
2-nitrobenzene. The moments of these and related compounds suggest that bromine 
atoms have a greater effect than methyl groups in obstructing the co-planarity of a nitro- 
group with the aromatic ring. The dipole moments * of mesidine and aminodurene 
(1-45 D), however, are lower than that of aniline (1-53 p), whilst that of 2 : 4: 6-tribromo- 
aniline (1-73 D) is higher. The moments induced in each substituent in these compounds 
by the dipoles of the others, calculated by using the classical laws of induction, indicate 
that, whatever conformation the amino-group may assume, the direct inductive effect 
cannot alter the moment of the molecule by more than 0-02 p. Hence, the values of the 
moments cannot be explained on the grounds of inductive effects alone: this inference is 
supported by the fact that dimethylmesidine and 2: 4 : 6-tribromo-NN-dimethylaniline, 
in which the inductive effects should be very similar to those in mesidine and 2: 4: 6- 
tribromoaniline, respectively, have almost equal moments. The mesomeric moments in 
mesidine and aminodurene must therefore be less, whilst that in tribromoaniline is greater, 
than in aniline. The probable reason for the latter circumstance is that the strong induc- 
tive effect of the bromine atoms decreases the electron density in the ring and so causes 
an increase in the mesomeric effect of the amino-group. Since for aminobromodurene, 
in which similar effects should operate, the moment 4 (2-75 p) is less than the vector sum 
of the moments of aniline and bromodurene (2-81 D), it must be inferred that ortho-methyl 
groups exert a greater restriction upon the mesomerism of the amino-group than do ortho- 
bromine atoms. A similar position may exist with phenols, since the dipole moments 
of mesitol ?® (1-36 p) and 2: 4: 6-tribromophenol ? (1-56 pb) are, respectively, less and 
greater than that of phenol}? (1-45 p), but the uncertainty in the calculation of the direction 
of the dipole in the phenol molecule makes the position less clearly defined. 

In view of these apparent differences in the relative steric effects of ortho-bromine 
atoms and methyl groups it is of interest to compare their effects upon the mesomeric 


TABLE 1. Polarisation data for benzene solutions. 


100w € v Np P, [Rp]s 100w € Uv up P; [Ro]s 
2:4: 6-Tribromobenzaldehyde 
0-0000 2-2741 1-14460 1-4980 “= = 30946 2-3428 1-12223 1-5000 181-2 54-9 


1-2058 2-3009 1-13596 1-4987 185-2 54-5 4-5860 2-3770 1-11133 1-5010 179-9 54-6 
2-1983 2-3228 1-12882 1-4994 182-8 55-0 65-4775 2-3977 1-10466 1-5016 178-9 54-3 


a = 2-192; B = —0-713; y = 0-185; P,.. = 185-4c.c.; [Rp]s = 54-7 c.c.; wp = 2°53 D. 
o-Methylacetophenone 
00000 2-2741 1-14459 1-4980 = oa 29958 2-4441 1-13979 1-4988 176-5 40-7 


0-9615 2-3273 1-14305 1-4982 177-1 40-4 3-7254 2-4863 1-13860 1-4990 175-5 40-7 
1-7467 2-3720 1-14179 1-4985 177-2 40-9 


a = 553; B = —0-1603; y = 0-080; Py, = 178-9c.c.; [Rp], = 40-8 c.c.; p = 2-60D. 


2:4: 6-Tribromoacetophenone 


0-0000 2-2741 1-14460 1-4980 —_— — 3-4935 2-3517 1-12063 1-4999 192-0 58-8 
1-1012 2-2982 1-13706 1-4986 194-0 59-3 4-1614 2-3677 1-11600 1-5003 192-6 58-8 
2-2147 23229 1-12943 1-4992 193-1 59-0 4-5277 2-3765 1-11357 1-5005 192-3 59-0 


a = 2175; B = — 0-686; y = 0-166; P,,, = 194-8c.c.; [Rp], = 58-9 c.c.; wp = 2°58 D. 


moments of other groups, and the formyl and acetyl groups naturally suggest themselves. 
To complete the data necessary for comparison, the dipole moments of 2 : 4 : 6-tribromo- 
benzaldehyde, 2:4: 6-tribromoacetophenone, and o-methylacetophenone have been 
determined from measurements on benzene solutions. The results are recorded in Table 1, 
where «, 8, and y are the limiting values of de/dw, dv/dw, and dn?/dw, respectively, at zero 
® Littlejohn and Smith, J., 1957, 2476. 
10 Brown, de Bruyne, and Gross, J]. Amer. Chem. Soc., 1934, 56, 1291. 


11 Hassel and Naeshagen, Z. phys. Chem., 1931, 12, B, 79. 
12 Boud, Cleverdon, Collins, and Smith, J., 1955, 3793. 
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concentration, and the other symbols have their usual significance. The values of the 
dipole moments shown are calculated on the assumption that Pg,,4 = [Rp]. The 
alternative assumption that Pg, 4 = 1-05[Rp] leads to values 0-02 D lower. 

The observed moments in benzene solution of benzaldehyde, acetophenone, and their 
derivatives are shown in Table 2, where comparison is made with the moments of some 
aliphatic compounds. The dipoles of both benzaldehyde and acetophenone must reside 
principally in the carbonyl group, and hence the mesomeric moment, which is in the sense 
of a displacement of electrons away from the ring, will augment the primary moment. As 


TABLE 2. Dipole moments in benzene solution. 





B (D) # (D) 
nn  PERTETETCLT TT ert eeee 2-92 ASOUOPREMORE 600.c0sccercccccscccscesecsoes 2-96 14 
Mesitaldehyde .........csecceceeeeeeerereees 2-96 33 Acetylmesitylene  ..........sceceessereees 2-81 34 
2 : 5-Dimethylacetophenone ............ 2-85 14 
o-Methylacetophenone ............ 2-60 
2:4: 6-Tribromobenzaldehyde ...... 2-53 2 : 4: 6-Tribromoacetophenone... 2-58 
m-Valeraldehyde ...........-se.eseeeeeeeeee 2-57 #-Butyl methyl ketone ............ o- «©6267 
w-Heptaldehyde .........ccccccscccccsecees 2-56 Hexyl methyl ketone ..............22+00+ 2-70 


a result the observed moments are appreciably higher than those of aliphatic aldehydes 
and ketones. 

Since the moment of mesitaldehyde is slightly higher than that of benzaldehyde, 
whilst the moment of acetylmesitylene is less than that of acetophenone, ortho-methyl 
groups seem to have no appreciable effect in inhibiting the mesomerism of the formyl 
group, but decrease that of the acetyl group. This is in accordance with studies of the 
Raman C=O stretching frequency *® and ultraviolet absorption intensities, which 
indicate that steric interference is only slight in mesitaldehyde but strong in acetyl- 
mesitylene. Hence, in the latter, the obstruction to co-planarity seems to be caused 
principally by the repulsion between the ortho-methyl groups and the acetyl methyl 
groups. Therefore, as was foreseen by Bentley, Everard, Marsden, and Sutton, when 
only one ortho-methyl group is present the molecule should be able to pass much more 
readily through the coplanar configuration with the oxygen atom near to the ortho-methyl 
group than through that in which the methyl groups approach one another. Hence such 
a molecule will spend most of its time with the methyl groups remote from one another. 
This view is supported by the measurements on o-methylacetophenone. In the “ per- 
mitted ’’ co-planar configuration the components to the moment arising from the acetyl 
group and the ortho-methyl group are almost antiparallel, and the calculated moment for 
this preferred configuration is 2-59 p, much nearer to the observed value (2-60 D) than is 
that for the “ obstructed ” coplanar configuration (3-16 p). 

In 2 : 4: 6-tribromobenzaldehyde or 2 : 4 : 6-tribromoacetophenone the mesomeric effect 
of the formyl or acetyl group should be enhanced by interaction with the mesomeric effects 
of the bromine atoms, but reduced by the removal of electron density from the ring through 
their strong inductive effects. Amongst analogous compounds the former effect seems to 
predominate in ~-bromonitrobenzene,® whilst in 2 : 4 : 6-trichlorobenzonitrile, the moment 
of which is the same as that of benzonitrile,4-1” the two effects appear to compensate one 
another exactly. In view of the behaviour of acetylmesitylene, some steric inhibition 
of resonance is to be expected in 2 : 4: 6-tribromoacetophenone. The moments of 2: 4: 6- 
tribromobenzaldehyde and 2 : 4: 6-tribromoacetophenone, however, are both much lower 
than, and differ almost equally from, the moments of benzaldehyde and acetophenone, 
respectively. The amounts by which they differ from the values for aliphatic aldehydes 


13 Kadesch and Weller, ]. Amer. Chem. Soc., 1941, 68, 1310. 

1 Bentley, Everard, Marsden, and Sutton, ]., 1949, 2957. 

18 Murray, Cleveland, and Saunders, J]. Amer. Chem. Soc., 1942, 64, 1181. 
16 Braude and Sondheimer, J., 1955, 3754. 

17 Hassel and Naeshagen, Z. phys. Chem., 1930, 8, B, 357. 
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and ketones are such as are to be expected from the direct inductive effects between the 
formyl or acetyl group and the bromine atoms. It appears, therefore, that the mesomeric 
effects of the formyl and acetyl groups are both repressed almost completely in the tri- 
bromo-compounds, whilst even in acetylmesitylene this repression is partial only. The 
behaviour in 2 : 4: 6-tribromobenzaldehyde is evidently to be associated with repulsion 
between the bromine atoms and the aldehydic oxygen atom, so the relative effects of 
ortho-methyl groups and bromine atoms towards coplanarity of the aldehydic oxygen atom 
with the ring follow the same order as their effects towards the oxygen atoms of a nitro- 
group. 

From the usual conceptions of atomic radii, the bromine atom is larger than a methyl 
group, so ortho-bromine atoms should always exert a greater steric effect upon the meso- 
merism of a substituent than do ortho-methyl groups. In amines, and possibly in phenols, 
the reverse seems to be the case, so it must be inferred that the characteristics of the 
groups concerned, as well as their sizes, are significant. Methyl groups appear specifically 
to repel hydrogen atoms, whilst bromine atoms tend to repel oxygen atoms. There is no 
evidence of the formation of intermolecular hydrogen bonds by methyl-hydrogen atoms 
or with bromine atoms as electron donors, but Anzilotti and Curran }* have postulated the 
existence of intramolecular O-H - - - Br hydrogen bonds to explain the value of the dipole 
moment of o-bromophenol in carbon tetrachloride. Therefore, it seems reasonable to 
assume that the interactions between a hydrogen atom of an aldehyde, amino-, or hydroxyl 
group and a bromine atom in its proximity may not be of such a strongly repulsive 
character as the interactions between oxygen and bromine atoms or between a hydrogen 
atom and a methyl group, at the same internuclear distance. Hence the effective “‘ radius ”’ 
of a bromine atom will be smaller with respect to the approach of a hydrogen atom than of an 
oxygen atom, whilst the reverse will hold with regard to the effective radius of a methyl 
group. It follows, therefore, that models based on a fixed scale of atomic radii may give 
misleading impressions of the distances of closest approach of unbonded atoms and hence 
of the steric effect of one group on the configurations which can be assumed by another. 


EXPERIMENTAL 


Materials.—Benzene was purified, dried, and redistilled under anhydrous conditions as 
previously.°® 

2:4: 6-Tribromobenzaldehyde was prepared from m-aminobenzaldehyde by Lock and 
Schreckeneder’s method,'* but the yield was improved by separating the product after the 
deamination step by steam distillation: after recrystallisation from alcohol it had m. p. 101° 
(lit., 98—101°). 

2:4: 6-Tribromoacetophenone, prepared by treating 2: 4: 6-tribromobenzaldehyde with 
methyl magnesium iodide and oxidising the carbinol with chromic acid, was recrystallised 
repeatedly from aqueous alcohol: m. p. 93° (lit., 91-5—93°). 

A pure specimen of o-methylacetophenone (b. p. 93°/17 mm.), kindly lent by the late 
Professor E. A. Braude, was used as received. 

Methods.—The dielectric constants, specific volumes, and refractive indices of the solutions 
were measured at 25° by the same methods as previously. The valuesof P, and [Rp], derived 
from the parameters «, 8, and y were in satisfactory agreement with those deduced from the 
specific polarisations and specific refractions of the individual solutions. 


Grateful thanks are tendered to Imperial Chemical Industries Limited for the loan of a 
precision variable condenser and for a grant for the purchase of materials. 
BEDFORD COLLEGE, REGENT’s Park, Lonpon, N.W.1. [Received, April 5th, 1957.) 


18 Anzilotti and Curran, J. Amer. Chem. Soc., 1943, 65, 609. 
1® Lock and Schreckeneder, Ber., 1939, '72, 514. 
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803. Adsorption from Binary Liquid Mixtures on Silica and 
Titania Gels. 
By J. J. Kipiine and D. B. PEAKALL. 
Data for physical adsorption at 20° from binary liquid mixtures on silica 
gel and on titania gel have been analysed to give individual adsorption iso- 
therms. For systems containing an alcohol, allowance is made for the slow 


chemisorption which takes place, and individual isotherms for the residual 
physical adsorption are then calculated. 


RECENTLY! we discussed adsorption from binary liquid mixtures on various forms of 
alumina at room temperature, analysing the results to give individual adsorption isotherms 
for each component. For mixtures containing an alcohol the analysis was complicated 
by its chemisorption in addition to physical adsorption of both components. This paper 
is concerned with adsorption from similar systems by silica and titania gels. 

(a) Systems involving Physical Adsorption only.—For alumina, arguments + were adduced 
that physical adsorption from mixtures of completely miscible liquids is normally confined 
effectively ‘to a monolayer. The experimental data were analysed on this assumption 
to give individual isotherms for the adsorption of each component. The same analysis 
has been applied to data for adsorption from benzene-ethylene dichloride by silica gel and 


TABLE 1. Adsorption by silica gel from mixtures of methyl acetate and benzene. 





20° 60° 
Equi- Equi- Equi- Equi- 
librium librium librium librium 
mole n Ax mole n Ar mole nox mole noAx 
fraction m fraction m fraction m fraction m 
of MeOAc (mmoles/g.) of MeOAc (mmoles/g.) of MeOAc (mmoles/g.) of MeOAc (mmoles/g.) 
0-03 1-27 0-53 1-19 0-04 1-08 0-53 1-03 
0-07 1-42 0-57 1-17 0-07 1-22 0-62 0-86 
0-11 1-48 0-62 0-99 0-12 1-34 0-66 0-88 
0-17 1-50 0-66 0-88 0-17 1-41 0-75 0-53 
0-22 1-49 0-75 0-66 0-22 1-43 0-78 0-48 
0-27 1-48 0-78 0-58 0-28 1-43 0-83 0-38 
0-32 1-48 0-83 0-47 0-32 1-38 0-88 0-27 
0-38 1-45 0-88 0-37 0-38 1-34 0-95 0-11 
0-42 1-37 0-95 0-17 0-42 1-31 
0-46 1-35 0-46 1-25 


TABLE 2. Adsorption by titania TABLE 3. 





Adsorption by titania gel from mixtures of 
gel from mixtures of ethylene ethyl alcohol and benzene (one day). 
dichloride and benzene at 20°. 20° 60° 

Mole fraction Adsorption Equilibrium ny Ax Equilibrium N Ax 

of C,H,Cl, at (mmoles/g.) of mole fraction m mole fraction m 

equilibrium C,H,Cl, C,H, of EtOH (mmoles/g.) of EtOH (mmoles/g.) 
0-00 0-00 0-92 0-04 1-08 0-03 0-88 
0-10 0-19 0-72 0-10 1-05 0-06 0-91 
0-20 0-34 0-57 0-20 0-98 0-12 0-84 
0-30 0-46 0-43 0-21 0-81 0-31 0-74 
0-40 0-58 0-31 0-31 0-79 0-43 0-55 
0-50 0-68 0-21 0-50 0-62 0-50 0-53 
0-60 0-75 0-13 0-60 0-48 0-61 0-42 
0-70 0-81 0-08 0-69 0-38 0-71 0-34 
0-80 0-84 0-04 0-80 0-20 0-80 0-25 
0-90 0-86 0-02 0-90 0-11 0-90 0-10 
1-00 0-88 0-00 





by titania gel, and from benzene-methy] acetate by silica gel. The significance of the data 
and the method of analysis have been discussed previously.1:2 Both the isotherms of con- 
centration change (Fig. 1 and Table 1) and the individual isotherms (Fig. 2 and Table 2) 
are very similar to those obtained for adsorption by alumina. 


1 Kipling and Peakall, J., 1956, 4828. 
? Kipling and Tester, J., 1952, 4123. 
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The effect of changing the temperature of adsorption from 20° to 60° has also been 
examined. In each case the effect is similar to that found with alumina, and is consistent 
with the behaviour of a system showing physical adsorption only (Fig. 1). 

(b) Systems involving both Chemisorption and Physical Adsorption.—Our previous work 
has shown that the lower alcohols can be chemisorbed, at room temperature, by forms of 
alumina which have free oxide ions at the surface. This chemisorption takes place both 
from solutions in benzene? and from the pure alcohol vapour. Chemisorption takes 














-_—~ 
: oe 

Fic. 1. Jsotherms of concentration change for & 

adsorption from ethylene dichloride—benzene © OST 

on (A) silica gel at 20°, (B) silica gel at 60°, § 

(C) titania gel at 20°, (D) titania gel at 60°. & O2F 

The decrease in mole fraction ofethylene , 

dichloride (Ax) due to adsorption is $4 ko’ '; 

expressed in relation to the total number 

1 





of millimoles of liquid (m)) brought into 1 4 1 
contact with m g. of adsorbent.? O2 O4 06 oe 
Mole fraction of ethylene dichloride 
ot eguilibrium 


























rn 
Q _ = 
” 
x ses Ethylene 
& 24h dichlori 
§ 
‘SZ ot 
2 Benzene 
208 
S 
4 4 1 i rl 
x 02 O04 _06 08 
Mole traction of ethylene dich/oride , / 
ot equilibrium Fic. 2. Adsorption (individual isotherms) 
at 20° by silica gel from mixtures with 
(a) benzene of 
S 32 (a) Ethylene dichloride. 
& 7 Methy! acetote (b) Methyl acetate. 
: 
ease 16 
c 
S 
~ 08 Benzene 
2 
° 1 i™ i 
S 02 0-4 0-6 08 
x 


Mole fraction of methy/ acetate 
or egui/ibrium 


(0) 


place from the vapour phase on silica gel and titania gel giving “ alkylated” surfaces.* 
It thus remains to examine adsorption from solutions of the alcohols by these gels. 
Adsorption by silica gel from liquid mixtures of ethyl alcohol and benzene has previously 
been studied by Bartell, Scheffler, and Sloan.‘ In the light of our results for adsorption 
from this system by alumina, the maximum point in their isotherm of concentration 
change seemed remarkably high for a system showing physical adsorption only, due 
allowance having been made for the probability that the silica gel had a higher specific 
surface area. This system was therefore studied with a sample of silica gel which had 


* Kipling and Peakall, J., 1957, 834. 
* Bartell, Scheffler, and Sloan, J. Amer. Chem. Soc., 1931, 58, 2501. 
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been used in our vapour-phase experiments; our results are shown in Fig. 3. The iso- 
therms have a very high maximum, comparable with that obtained by Bartell, Scheffler, 
and Sloan. It is also comparable with Rao’s results for this system, which were expressed 
in terms of his “ selectivity’ units.5 The maximum in Fig. 3 is greater than that in 
Fig. 1 by an order of magnitude. 

Two further results were found which had previously been observed with alumina. 
The system does not reach equilibrium within the short period normally sufficient for 
physical adsorption. This recalls Lambert and Foster’s observation that a period of up 
to a month was required for silica gel to ‘‘ settle down ”’ to reproducible behaviour after 
initial contact with ethyl alcohol vapour.* Further, adsorption at 60° for one day gives 
an isotherm which is not completely separate from the 20° isotherm. The significance 
of these results has been discussed.1 Together with the results for adsorption of ethyl 
alcohol vapour, they show that chemisorption of ethyl alcohol takes place on this silica 
gel. A similar conclusion can be drawn from the results obtained with titania gel (Table 3). 


” 
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Data have also been obtained for adsorption by silica gel from n-butyl alcohol—benzene. 
This system has been examined by Jones and Outridge,’ and our isotherm of concentration 
change resembles theirs closely. They pointed out the important distinction between 
adsorbate held by forces emanating from the solid surface and liquid mechanically held 
in the pores, the latter being merely an extension of the equilibrium bulk liquid into the 
pores of the solid. This distinction is important whether one regards the adsorbate as 
being confined essentially to a monolayer? or not. By allowing for mechanically held 
liquid, they were able to calculate individual isotherms for the adsorption of each 
component, assuming that these obeyed Freundlich equations. In more recent work 
Jones and Mill * calculated the individual isotherms by assuming that the two adsorbates 
jointly occupy a constant volume in the pores of the adsorbent (cf. Hansen and Hansen °® 

5 B.S. Rao, J. Phys. Chem., 1932, 36, 615. 

* Lambert and Foster, Proc. Roy. Soc., 1931, A, 184, 246. 

7 Jones and Outridge, J., 1930, 1574. 


8 Jones and Mill, J., 1957, 213. 
® Hansen and Hansen, J. Colloid Sci., 1954, 9, 1. 
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and Blackburn and Kipling 1°). In our work, results similar to those obtained with the 
system ethyl alcohol—benzene showed the necessity to allow for chemisorption of the 
butyl alcohol. This would be more serious than in Jones and Outridge’s experiments, as 
our gel had a lower water content than theirs (40% compared with 5-2%) and hence, 
presumably, a higher concentration of oxide ions at the surface. 

The vapour-phase studies give the total extent of chemisorption of each alcohol. From 
the isotherm of concentration change it is thus possible to subtract the change due to 
chemisorption, leaving a composite isotherm representing physical adsorption only. As 
we have previously shown ? that the Freundlich equation cannot describe the individual 
isotherms over the whole concentration range, we have obtained these isotherms by 
assuming that they refer to monolayer adsorption occurring on the “ alkylated ’”’ sur- 
faces. The results are shown in Fig. 4 for silica gel. This analysis seems more satisfactory, 
for this type of system, than one based on complex formation, as suggested by Rao and 

atkar.4 
: The method which we have used for the separate determination of chemisorption and 
physical adsorption had hitherto been employed for systems at equilibrium. It may also 
be used for systems which have not reached equilibrium, a procedure which may be of 
value in the practical application of adsorbents. This is illustrated for one day’s adsorp- 
tion at 20° by titania gel from the system ethyl alcohol—benzene. The isotherm of concen- 
tration change is given in Table 3. The change in concentration due to the chemisorption 
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occurring after one day’s contact * is then subtracted, and the resulting isotherm, which 
relates to physical adsorption only, is analysed to give individual isotherms. For the 
last stage of this calculation, monolayer values are derived from isotherms for adsorption 
of the relevant vapours on samples of the gel which had been in contact with ethyl alcohol 
for one day. The individual isotherms (Fig. 5) are very similar in shape to those obtained 
at equilibrium for silica gel. Bearing in mind the relatively small change in concentration 
which occurs after one day for such systems, we may conclude that analysis of the one-day 
isotherm gives a good approximation to equilibrium conditions, provided that the very 
substantial concentration change due to chemisorption is allowed for. 

The analysis of experimental data which we presented for adsorption from binary 
liquid mixtures on alumina is equally valuable when applied to data for adsorption on 
silica gel and on titania gel. The three adsorbents are essentially similar in the preferences 
shown in systems for which physical adsorption only is observed, in their slow chemi- 
sorption of the lower aliphatic alcohols, and in the type of physical adsorption which takes 
place on the “ alkylated ’’ surfaces. 


EXPERIMENTAL 


The adsorbents were the silica gel (I) and the titania gel described in a previous paper.® 
The adsorbates and procedure have also been described previously. 


10 Blackburn and Kipling, J., 1954, 3819. 
11 N.S. Rao and Jatkar, Quart. J. Indian Institute, 1943, 5, 65. 
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Monolayer values, obtained by applying the B.E.T. equation to the 20° adsorption isotherms 
for the individual vapours, are summarised in Table 4. 


TABLE 4. Monolayer values from B.E.T. equation (mmoles/g.) 
C,H,  C,H,Cl MeOAc EtOH BuwOH 


NE CIE scinenbnrndengesercsnancensasicansosuniassde 3-22 3-20 3-21 _— — 
SE Ge, SEE OO occ cccccnccccccececs 3-11 _- —_ 4-49 — 
Silica gel, “ butylated "©  ..........cccccsceees 2-87 — — —- 2-73 
TRAM, GOR cccvccinesccnscccesssoccsescecesdesesseses 0-92 0-88 —_— —- -- 
Titania geil, “* ethylated © © ......ccccccccccccace 0-61 — -— 0-92 — 
* Referred to 1 g. of original gel. 
Tue UNIVERSITY, HULL. [Received, April 23rd, 1957.]} 


ons. The Hyer ysis of Ribitol 1(5)-Phosphate, Riboflavin 
5’-Phosphate, and Related Compounds. 


By J. Bappitey, J. G. BucHANAN, and B. Carss. 


The anhydropentitol produced by acid hydrolysis of ribitol 1(5)-phosphate 
has been isolated and shown to be 1 : 4-anhydroribitol. The same compound 
is formed by acid treatment of ribitol itself. Mechanisms are proposed for 
these reactions. 

It is suggested that so-called ‘‘ lyxoflavin ’’ from human heart muscle is 
a mixture of riboflavin and 2’: 5’-anhydroriboflavin. 


DurinG work on the structure of the nucleotide, cytidine diphosphate ribitol (CDP-ribitol), 
it was found that ribitol 1(5)-phosphate (I) and related compounds were unexpectedly 
labile towards acids. The products expected from mild acid hydrolysis of the nucleotide 
were cytidine-5’ phosphate and ribitol 1(5)-phosphate, together with smaller amounts of 
isomeric ribitol phosphates. The isomers would arise by acid-catalysed migration of the 
phosphate residue from the l-position. It was found, however, that appreciable amounts 
of inorganic phosphate were liberated during hydrolysis in N-hydrochloric acid at 100°, 
even after short periods. Longer hydrolysis resulted in the liberation, as inorganic phos- 
phate, of nearly all the phosphorus associated with the ribitol phosphate residue in the 
nucleotide. Under these conditions cytidine-5’ phosphate was largely unaffected. 
Synthetic D-ribitol 5-phosphate * (I) behaved similarly to CDP-ribitol, whereas the glycero- 
phosphates and mannitol phosphate required much more vigorous conditions in order to 
liberate even small amounts of inorganic phosphate. 
) aby HO-H,C S 
OH 
OH 


(1) CHa-0-PO,H, = 


(II) 

The products from ribitol 1(5)-phosphate were examined by paper chromatography. 
Spray reagents for phosphates and glycols revealed a complex mixture. In addition to 
inorganic phosphate and a spot corresponding to ribitol 1(5)-phosphate, at least three 
products were detected. Two of these were identified later as ribitol 2- and 3-phosphate.? 
A third product, which becomes the main component after more prolonged hydrolysis, has 


* The nomenclature adopted here for polyol phosphates is discussed in ref. 2. 


1 Baddiley, Buchanan, Carss, and Mathias, J., 1956, 4583. 
* Baddiley, Buchanan, and Carss, J., 1957, 1869. 
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been provisionally described as an anhydroribitol. The confirmation of this structure, 
the mechanism of its formation, and implications in other fields are subjects of this paper. 

The tentative conclusion that the main product of hydrolysis of ribitol phosphate is 
an anhydroribitol was based largely on its behaviour on paper chromatography. It had 
a higher Ry than ribitol, which suggested that it contained fewer hydroxyl groups. Also, 
it gave a slowly developing blue colour when the paper was sprayed with the periodate— 
Schiff reagents for glycols. In this respect it closely resembled a ribofuranoside and was 
was quite unlike an acyclic glycol, which would give a rapidly developing crimson colour. 

In a larger-scale experiment the anhydroribitol was isolated in crystalline form. It 
contained no phosphorus, gave a tribenzoyl derivative, and readily consumed one mol. 
of periodate; neither formic acid nor formaldehyde was produced by the oxidation. 
From this and from its analysis it follows that the compound is a 1 : 4-anhydropentitol. 
It is interesting that other methods for the production of anhydro-compounds from polyols 
usually give the 5-membered rather than the 6-membered ring, the configuration of 
hydroxyl groups being unchanged.® 

Although p-ribitol 5-phosphate (from D-ribose 5-phosphate) was used in these experi- 
ments, the acid-catalysed phosphate migration which occurs under the conditions employed 
would lead to considerable or even complete racemisation. It follows that the 1: 4- 
anhydropentitol formed would be largely or entirely racemic. In a previous paper? a 
combined chemical and enzymic method was developed for the quantitative determination 
of D-ribitol 5-phosphate in the presence of the L-compound. It was shown by this method 
that racemisation of ribitol phosphates through phosphate migration was substantial in 
30 minutes and complete in 90 minutes at 100° in N-hydrochloric acid. On the other hand, 
the formation of anhydropentitol is only complete after about 6 hours under these con- 
ditions, and it follows that only that anhydro-compound formed during the early stages 
of the acid treatment would have retained optical activity. This introduced difficulty 
in attempted comparison of the product with authentic anhydropentitols for purposes of 
identification. 

The most likely structure for the compound would be the pi-form of 1 : 4-anhydro- 
ribitol. The p-form (II) has been synthesised by the action of aqua regia on pD-ribityl- 
amine,* or by reduction of 2:3: 5-tri-O-benzoyl-p-ribofuranosyl bromide with lithium 
aluminium hydride. The product in both cases should be optically active and its relation 
to the product from ribitol 1(5)-phosphate would only be possible by comparison of infrared 
spectra. Authentic 1: 4-anhydro-p-ribitol was prepared by the second method and 
converted into its 2:3: 5-tri-O-benzoyl derivative. The infrared spectrum of this tri- 
benzoyl compound in carbon tetrachloride solution was indistinguishable from that of the 
tribenzoylanhydropentitol from ribitol 1(5)-phosphate, and we consider that the two 
compounds are identical. The spectra of crystalline 1 : 4-anhydro-p-ribitol prepared by 
the second method and of our own preparation, when examined in potassium bromide 
discs, showed small differences in the height, but not the location, of certain peaks. These 
differences may arise from the fact that one preparation was a crystalline racemate whereas 
the other was the pure p-form. 

The mechanism of formation of anhydroribitol from ribitol phosphate is probably best 
represented by protonation of the ester-oxygen atom at position 1(5), followed by the 
electronic displacements shown in (III). The hydroxyl group at position 4 in the ribitol 
chain is presumably in a sterically favourable situation to assist the reaction and an intra- 
molecular nucleophilic substitution occurs. The protonated phosphoric ester is probably 
a common intermediate both in phosphate elimination, as above, and in phosphate 
migration. 

Ribitol itself was converted into 1 : 4-anhydroribitol in the presence of dilute mineral 

3 Wiggins, Adv. Carbohydrate Chem., 1950, §, 191. 


* Kuhn and Wendt, Chem. Ber., 1948, 81, 553. 
5 Weygand and Wirth, ibid., 1952, 85, 1000. 
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acid and, in fact, several of the experiments on the structure of the anhydro-compound 
were carried out with material obtained in this way. Although the reaction is much 
slower with the free polyol, the mechanism is probably somewhat similar. The initial 
stage would be the protonation of the primary hydroxyl group and this would be followed 
by the electronic displacements shown in (IV). It might be expected that the phosphate 
would yield the anhydro-compound more rapidly than does the free polyol, since the electro- 
negative properties of the phosphorus atom would assist the reaction. 





| | ‘4 pei rots joPicgg 
O 4 CH,>—O— P—OH O»4 CH, —OH,* O 4 CH, —ny 
Iv i, i l ] 

H H* O H 


(III) (IV) (V) 


The mechanism of formation of anhydroribitol from ribitol or its phosphate is similar 
to the mechanism of its formation from ribitylamine in the presence of nitrosyl chloride 
(aqua regia). It is well known that sterically suitable amino-alcohols are converted into 
anhydro-compounds rather than glycols by the action of nitrous acid.“® We consider 
that this occurs by electronic displacements in the intermediate diazonium compound 
as shown in (V). In the reaction with ribitylamine, the suitably placed hydroxyl group 
at position 4 is involved in an intramolecular nucleophilic displacement very similar to 
the one which occurs with the conjugate acids from ribitol or its phosphate. 

The hydrolysis of ribitol 1(5)-phosphate at pH 4 proceeded readily and normally, giving 
ribitol and inorganic phosphate. The mechanism of hydrolysis of phosphoric esters at 
pH 4 differs from that operating in stronger acid.? At the higher pH the reacting species 
is the monoanion and hydrolysis will proceed with phosphorus-oxygen fission. No 
migration of the phosphate group was observed under these conditions. The hydrolysis 
of glycerophosphates also occurs readily at pH 4, and it has been shown that no phosphate 
migration takes place during their hydrolysis.® 


CH,-OH 
CH,-OH HO 
OH HO 
HO OH 
OH OH 
(VI) CH2-O-PO3H2 CH,-O-PO3H, ~— (VII) 


It has not yet been possible to examine an extensive range of polyol phosphates in 
respect of their acid hydrolysis. However, D-xylitol 5-phosphate (VI) was readily con- 
verted into inorganic phosphate and an anhydro-compound. Qualitative data from 
paper chromatograms indicated that this polyol phosphate was converted into an anhydro- 
compound at a rate only slightly slower than that of ribitol 1(5)-phosphate. In these 
experiments it was necessary to determine the extent of reaction from the amount of 
unchanged polyol phosphate present. The periodate-Schiff method is nearly equally 
sensitive towards all the polyols and their phosphates, but is much less sensitive towards 
anhydro-compounds containing a trans-glycol system. D-Mannitol 1(6)-phosphate (VII) 


* Wiggins, Nature, 1946, 157, 300; Bashford and Wiggins, J., 1948, 299; Foster, Chem. and Ind., 
1955, 627. 

7 Desjobert, Compt. rend., 1947, 224, 575; Bull. Soc. chim. France, 1947, 14, 809. 

* Butcher and Westheimer, J. Amer. Chem. Soc., 1955, 77, 2420. 

* Bailly, Bull. Soc. chim. France, 1942, 9, 340. 
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was more stable towards hydrolysis than the two pentitol phosphates. It appears, how- 
ever, that in the three cases so far examined the phosphates yield anhydro-compounds 
more readily than do the free polyols, and the latter are not intermediates in the reaction. 

In the following paper 7” it is shown that erythritol and all the pentitols and hexitols 
are converted to varying extents into anhydro-compounds, or mixtures of anhydro-com- 
pounds, when they are heated in dilute acid, and this has been made the basis of a useful 
paper-chromatographic procedure for the identification of polyols. It was found that 
reaction occurred most readily with those polyols in which at least three consecutive 
secondary hydroxyl groups are conventionally depicted on the same side of the polyol 
chain. The differences in the reaction rates are probably less clearly observable in the 
polyol phosphates. Even here, however, a considerable difference in rate is observed 
with the phosphates of ribitol and mannitol. 

In view of the ease of formation of 1 : 4-anhydroribitol from ribitol 1(5)-phosphate, 
it seems likely that phosphoric esters of other polyhydroxy-compounds might behave 
similarly during hydrolysis. Consequently, we have re-examined the acid hydrolysis 
of riboflavin 5’-phosphate. It has been assumed hitherto that acid hydrolysis of this 
well-known natural product proceeds normally, to give riboflavin and inorganic phosphate. 
Synthetic riboflavin 5’-phosphate (kindly supplied by Professor F. Bergel) has now been 
hydrolysed at pH 4 and in n-hydrochloric acid, and the products have been examined by 
paper chromatography. At pH 4 hydrolysis of the monoanion was normal, the only 
products being riboflavin and inorganic phosphate. At the lower pH hydrolysis gave 
inorganic phosphate together with a mixture of riboflavin and a greater amount of a 
product with a higher Ry than riboflavin in basic solvents. The new product was not 
isolated in a pure state but it is probably a 2’: 5’-anhydro-compound with the structure 
(VIII). Under similar conditions, riboflavin itself gave a very small amount of the 
anhydro-compound, together with traces of unidentified products with low Ry values. 
If the ease of formation of anhydro-compounds from polyol phosphates is largely governed 


‘@) 
OH HO 
re | 
N N 
Me o > 
Me Z NH 
(VIII) N 
e) 


by steric factors in the polyol chain, then it is likely that the bulky flavin residue in ribo- 
flavin 5’-phosphate would interfere with the displacement of phosphate by the 2’-hydroxyl 
group. Consequently, anhydro-compound formation would be retarded and some normal 
hydrolysis to riboflavin would occur. 

An anhydroriboflavin has been reported previously.14 This was obtained by the 
spontaneous decomposition of 5’-toluene-p-sulphonylriboflavin and it was assumed to be a 
4’: 5’-anhydro-compound. It was not possible at the time to eliminate alternative 
structures, and it is not known whether this compound differs from the anhydroriboflavin 
obtained from the phosphate. 

It is possible that during certain biochemical and nutritional studies on vitamin B, 


'® Baddiley, Buchanan, and Carss, following paper. 
11 Forrest, Mason, and Todd, /., 1952, 2530. 
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(riboflavin) acidic conditions may have resulted in the partial conversion of either ribo- 
flavin 5’-phosphate (FMN) or of flavin-adenine dinucleotide (FAD) into 2’ : 5’-anhydro- 
riboflavin. This may well have led to occasional confusion in the interpretation of results. 
For example, prolonged conditions of acidity were employed during the isolation of so- 
called “lyxoflavin’’ from human heart muscle.’ The reliability of the methods used 
for the identification of this compound has been questioned previously }* and its homo- 
geneity has not been established by modern techniques. We consider it likely that this 
material is a mixture of riboflavin and 2’ : 5’-anhydroriboflavin, which would have arisen 
by acidic hydrolysis of riboflavin 5’-phosphate and its nucleotide present in the fresh 
heart muscle. 


EXPERIMENTAL 


1 : 4-Anhydroribitol from D-Ribitol 5-Phosphate.—A solution of the barium salt of p-ribitol 
5-phosphate (60 mg.) in water (1 ml.) was passed through a column of Dowex-50 resin (H* form). 
Dilute hydrochloric acid was added to the acidic eluate to give an approximately n-solution 
(total volume ca. 3 ml.). The solution was heated in a sealed tube at 100° for 20 hr. Samples 
were removed at intervals and examined by paper chromatography in solvent system A. 
Unchanged material and anhydro-compound were detected by the periodate—Schiff reagents 
for glycols.14 Solvent was removed im vacuo and the oily residue, which consisted largely of 
anhydro-compound and inorganic phosphate, was benzoylated directly with benzoyl chloride 
in pyridine. The crystalline tribenzoyl derivative, m. p. 113—114°, was isolated in the usual 
manner and was recrystallised from ethanol. It was indistinguishable from tri-O-benzoyl- 
anhydroribitol, m. p. and mixed m. p. 113—114°, prepared from ribitol by the method described 
below. 

1: 4-Anhydroribitol from Ribitol.—A sealed tube containing ribitol (1-5 g.) in 2N-hydro- 
chloric acid (100 ml.) was heated in a water-bath at 100° for 66 hr. Solvent was evaporated 
and residual hydrochloric acid was removed by repeated evaporation with water. Axhydro- 
ribitol was recrystallised from benzene containing a little alcohol, by adding dry ether. The 
hygroscopic needles, m. p. 74—75°, were dried in vacuo at 65° (Found: C, 44-4; H, 7-5. 
C,;H,,O, requires C, 44:8; H, 7:5%). The product was indistinguishable from authentic 
1 : 4-anhydroribitol when examined by paper chromatography in solvent systems, A, B, and C 
(see below). 

Periodate Oxidation.—This was carried out in the usual manner with sodium metaperiodate. 
Oxidation was complete in 10 min. at room temperature. One equivalent of anhydroribitol 
consumed 1-02 equivalents of periodate and no further uptake was observed after 24 hr. No 
formic acid was formed (titration with sodium hydroxide in the presence of methyl-red). Less 
than 0-05 mol./mol. of formaldehyde was detected in the oxidation mixture by Nash’s method.?® 

2:3: 5-Tri-O-benzoylanhydroribitol—The crystalline anhydroribitol was benzoylated with 
benzoyl chloride in pyridine. Recrystallised from alcohol, tri-O-benzoylanhydroribitol had 
m. p. 114° (Found: C, 70-0; H, 5-0. C,,H,,O,; requires C, 70-1; H, 4-7%). The tri-O-benzoyl 
derivative of anhydroribitol prepared from p-ribose by Weygand and Wirth’s method ® did 
not crystallise but was purified by chromatography on neutral alumina, elution being carried 
out with benzene. 

Hydrolysis of D-Ribitol 5-Phosphate at pH 4.—Samples (ca. 1 mg.) of the barium salt of 
p-ribitol 5-phosphate were treated with a little Dowex-50 (H* form) resin in water and 
ammonium acetate was added to pH 4 (approx. 0-2m). The resulting solutions were heated 
in sealed tubes at 100°, and samples were withdrawn after 20 and 46 hr. The products were 
examined by paper chromatography in solvent system A. Hydrolysis was complete after 
20 hr., the products being inorganic phosphate and ribitol. Anhydroribitol and ribitol 2(4)- 
and 3-phosphate were not formed. . 


12 Pallares and Gaza, Arch. Biochem., 1949, 22, 63. 

13 Emerson and Folkers, J. Amer. Chem. Soc., 1951, 78, 5383. 
4 Buchanan, Dekker, and Long, J., 1950, 3162; cf. ref. 10. 
15 Nash, Biochem. J., 1953, 55, 416. 
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pD-Xylitol 5-Phosphate (Preparation by Mr. C. P. Fawcrett).—p-Xylose 5-phosphate 1* was 
reduced in aqueous solution with sodium borohydride and the barium salt of xylitol phosphate 
was isolated by methods described before ? for ribitol phosphate (Found: P, 8-3. C;H,,0O,PBa 
requires P, 8-4%). The product was homogeneous when examined by paper chromatography. 

D-Mannitol 1(6)-Phosphate-——A sample isolated from natural sources ?? and a synthetic 
sample, kindly supplied by Dr. N. O. Kaplan, were used. 

Hydrolysis of Xylitol Phosphate and Mannitol Phosphate.—The barium salts were converted 
into free acids by passage of their solutions through Dowex-50 (H* form) resin columns, and 
hydrolysis was carried out in 2n-hydrochloric acid as for ribitol phosphate. Xylitol phosphate 
was decomposed slightly less rapidly than ribitol phosphate, whereas mannitol phosphate was 
only affected to a small extent. The phosphorus-free products were identical with those 
obtained from the respective polyols after acid treatment. 

Hydrolysis of Riboflavin 5’-Phosphate-—Samples of riboflavin and its phosphate in N-hydro- 
chloric acid were heated in sealed tubes at 100° in the dark for 24 hr. After evaporation of 
solvent the samples were examined by paper chromatography in solvent system A in the dark. 
Products were detected by spray reagents for phosphates and by inspection in ultraviolet light. 

Paper Chromatography.—Ascending-front chromatography (see Table) was carried out on 
Whatman No. 4 paper which had been washed with 2n-acetic acid, then water. The following 
solvents systems were used: A, n-propyl alcohol-ammonia (d 0-88)—water (6:3:1); B, 
pyridine-ethyl acetate—water (2: 7:1); C, isobutyric acid—0-5N-ammonia (10:6 ml.). 


Ry in solvents. 


A B Cc 10,--Schiff reaction 
D-Ribitol 5-phosphate ...........sesseeeeeeeee 0-30 — — Rapid, magenta 
D-Xylitol 5-phosphate .........scceceeeeeeeees 0-30 — — os 
pD-Mannitol 1(6)-phosphate ..............+06- 0-29 —- —_— vs 
BREE. censcticcsecscccsccscaeseseobades seeseente 0-62 — — os 
SRINNE «  eeheosccscosvevecouscqeceweeyedesosngeeas 0-61 _— — ” 
DARING canensccsnvccconcqusctncctncsosessocees 0-59 — — we 
1 : 4-Anhydroribitol .............ssscccscseees 0-71 0-90 0-64 Slow, blue 
RBGEOE GTO oc cnciscccsccsioccdacscoccoonssc 0-72 — —_ in faint 
AMT ERORRORETIGD 2.0.2000scccsinnsesccssaeseseece 0-68 — — Rapid, yellow 
PEED sivsnsveinvnensccucvapsesqeiesseuscses 0-41 — _ No reaction 
Riboflavin 5’-phosphate ..........ssseseeeees 0-20 — —_ - 
Anhydroriboflavin — ..........ccscecesceseseees 0-50 — — 


” 
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16 Barnwell, Saunders, and Watson, Canad. J. Chem., 1955, 38, 711; Gorin, Hough, and Jones, /., 
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4064 Arcus, Marks, and Coombs: 


805. Reactions of Organic Azides. Part VII. Ring Expansion via 
Azides : 1:2- and 7: 8-Benzophenanthridine and 9-Phenylphen- 
anthridine. The Hydrazoic-Sulphuric Acid Reaction with Indene. 

By C. L. Arcus, R. E. Marks, and (in part) M. M. Coomss. 


1 : 2-Benzofluoren-9-ol with hydrazoic and trichloroacetic acid yields 
9-azido-1 : 2-benzofluorene, which when heated with trifluoroacetic acid 
forms 1] : 2- and 7 : 8-benzophenanthridine in ratio 2-9: 1. On being heated 
alone, the azide yields 1 : 2-benzofluorenone imine (two forms). 

9-Phenylfluoren-9-ol has been converted into 9-azido-9-phenylfluorene, 
which on treatment with sulphuric acid, and also on being heated, forms 
9-phenylphenanthridine. 

It is inferred from these and other results that pyrolysis of secondary and 
tertiary 9-azidofluorenes yields respectively fluorenone imines and 9-sub- 
stituted phenanthridines. 

_ Indene with hydrazoic and sulphuric acid forms a base considered to be a 
polymer of dihydro-quinoline and/or -isoquinoline. 


SYNTHESES of phenanthridines,2** phenanthridones,> and benzoxazines?* by reactions 
which involve the formation of an azide and rearrangement of its proton-adduct have been 
described in earlier papers of this series. In some instances the azide was isolated, but 
usually it was formed, and underwent rearrangement, in the reaction mixture. Extensions 
of this method to the formation of mononitrogen heterocycles, particularly those which 
involve the preparation and the subsequent rearrangement of an azide, are now reported. 

1: 2-Benzofluorenone was largely recovered from attempted Schmidt reactions in 
sulphuric acid at 0° and trichloroacetic acid at 65—85°; from reaction in sulphuric acid at 
40—50°, and in polyphosphoric acid at 65°, small quantities of nitrogen-containing products 
were isolated by vacuum-sublimation, but ketone was again recovered. The resistance of 
1 ; 2-benzofluorenone to reaction is probably due to steric hindrance of the carbonyl group 
by the 1 : 2-benzo-group. It is known *® that benzoylmesitylene does not readily undergo 
the Schmidt reaction, and Stephenson ® has found naphtho(I’ : 2’-2 : 3)fluorenone not to 
react. 

Reduction of the ketone with aluminium tsopropoxide gave | : 2-benzofluoren-9-ol in 
good yield. It was allowed to react with a solution of hydrazoic acid in chloroform, 
together with sulphuric acid; sulphur-containing products were obtained, and no basic 
compound was characterised. 

The reaction of the fluorenol with sodium azide and trichloroacetic acid gave a good 
yield of 9-azido-1 : 2-benzofluorene. The azide, on being heated with trifluoroacetic acid, 
decomposed and rearranged to benzophenanthridines, which were isolated through their 
picrates in 33% yield. By chromatography on alumina, the mixture of bases was separated 
into 1 : 2- and 7 : 8-benzophenanthridine in the ratio 2-9: 1. The rearrangement of the 
intermediate protonated azide (I), the mechanism of which has been earlier discussed with 
respect to other azidofluorenes,”:* therefore leads to a greater extent (as indicated) to the 
phenanthridinium ion (II) and to a smaller extent to the ion (III). It has been shown,®5 
from results of reactions of 2- and 3-substituted fluoren-9-ols with hydrazoic and sulphuric 
acid, that the relative migratory aptitudes of the two rings in such a fluorenol are directly 


Part VI, Arcus and Marks, /., 1956, 1627. 
Arcus and Mesley, /., 1953, 178. 

Arcus and Coombs, J., 1954, 4319. 

Arcus and Lucken, /., 1955, 1634. 

> Arcus, Coombs, and Evans, J., 1956, 1498. 
Arcus and Coombs, /., 1953, 3698. 

Badger, Howard, and Simons, J., 1952, 2849. 
Smith, J. Amer. Chem. Soc., 1954, 76, 431. 
Stephenson, J., 1949, 2620. 


~ @ -_enwe 


ee @ 





L- 


ns 
en 
ut 
ns 
ch 


red 
the 
ith 
the 
3,5 
ric 
tly 





[1957] Reactions of Organic Azides. Part VII. 4065 


related to the capacities of the rings for electron-release at their point of attachment to 
Cy). The comparison in the present instance is substantially between the electron-release 
of an o-2-naphthylphenyl group and a 2-phenyl-l-naphthyl group, and the result of 
rearrangement indicates the latter to have the greater electron-release. This finding 
accords with Hey and Lawtons’s observation }® that 2-phenylnaphthalene, on nitration, 
yields principally 1-nitro-2-phenylnaphthalene, indicating the «-naphthyl position ortho 
to the phenyl group to be the position of greatest electron-release in the molecule. 

On being heated alone, 9-azido-1 : 2-benzofluorene decomposed to form 1 : 2-benzo- 
fluorenone imine, which was isolated in two forms; their mixture on hydrolysis gave 
1 : 2-benzofluorenone in high yield. Taylor and Fletcher have reported that the azo- 
methine compounds derived from the condensation of 2 : 5-dinitrofluorenone with aniline 
and with #-fluoroaniline each exist in two forms. Although the possibility of dimorphism 
is not excluded, it appears probable that in every case the two forms are the geometric 
isomers. 





. + 
== NH HN= 
OX? * OX 
(Il) (ITT) 


Reaction of 9-phenylfluoren-9-ol with sodium azide and trichloroacetic acid gave a 
high yield of 9-azido-9-phenylfluorene. This compound, in sulphuric acid, rearranged 
into 9-phenylphenanthridine, which was also obtained by heating the azide alone. The 
acid-catalysed rearrangement of the azide is parallelled by those of 9-azidofluorene ? and 
-2-methoxyfluorene.* The conversion of 9-phenylfluoren-9-ol into 9-phenylphenanthridine, 
by reaction with hydrazoic and sulphuric acid, has been carried out earlier,? and the present 
results confirm that, as had been inferred, the protonated azide is the essential reaction 
intermediate. 

The uncatalysed decomposition of the azide, with rearrangement to 9-phenylphen- 
anthridine, is similar to conversion of 9-azido-9-a-naphthylfluorene into 9-«-naphthyl- 
phenanthridine,!? and contrasts with the migration of hydrogen, without ring-expansion, 
leading to the fluorenone imine, which occurs with 9-azido-fluorene ? and -1 : 2-benzo- 
fluorene (above) and is inferred for 9-azido-2-nitrofluorene.* The available results there- 
fore show pyrolysis of secondary and tertiary 9-azidofluorenes to yield, respectively, 
fluorenone imines and 9-substituted phenanthridines. 

The fluorenes are benzoindenes, whence it appeared that reactions which succeed with 
this group of compounds might be effective with indenes. Indene, contrary to a statement 
by Kuhn and Di Domenico ** that it does not react, except to polymerise, gave on reaction 
with hydrazoic and sulphuric acid a nitrogen-containing basic oil considered to be a 
polymer of dihydro-quinoline and/or -isoquinoline. 

Since the stability of an aromatic compound tends to reduce the possibility of polymeris- 
ation or other secondary reactions, attention was directed to indene compounds at such a 
level of oxidation that ring-expansion yields an aromatic, not a hydroaromatic, product. 
Benzylideneindene, by analogy with the conversion of 9-benzylidenefluorene into 9-benzyl- 
phenanthridine,? might be expected to yield 2-benzylquinoline or 1-benzyltsoquinoline. 
However, reaction with hydrazoic acid in the presence of 98% sulphuric acid, sulphuric 


10 Hey and Lawton, /., 1940, 374. 

1 Taylor and Fletcher, J. Org. Chem., 1956, 21, 523. 

12 Pinck and Hilbert, J. Amer. Chem. Soc., 1937, 59, 8. 
13 Kuhn and Di Domenico, ibid., 1950, 72, 5777. 
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acid monohydrate, and trichloroacetic acid, gave no appreciable quantity of base; with 
concentrated sulphuric acid a sulphur-containing material was formed; the procedures 
with monohydrate and trichloroacetic acid yielded a benzylideneindene polymer, a similar 
material being obtained by reaction with trichloroacetic acid in the absence of azide. 
Cationic polymerisation is considered to have taken place, a conclusion supported by Whitby 
and Katz’s observation } that a hexamer is formed on treatment of benzylideneindene with 
antimony pentachloride. 

The reaction with a second more highly oxidised indene, indane-1 : 3-dione, has been 
carried out by Fusco and Rossi,!® who obtained 2 : 4-dihydroxyquinoline. This result has 
been confirmed; the dihydroxy-compound was characterised by conversion into 2 : 4-di- 
chloroquinoline. Although the product is doubly enolised to yield an aromatic ring, the 
reaction is surely a normal ketonic Schmidt reaction, the mechanism of which has recently 
been discussed.® 


OH 
< \ 
CH2 _ > 
H 
co NZ 0 


On several occasions in the course of the work recorded in Part III we prepared 9-phenyl- 
fluoren-9-ol, for which m. p. 107° is recorded in the literature,’* 17 but our material always 
had m. p. 85°.183 Like the higher-melting material, our fluorenol formed solvated crystals 
with several organic solvents. That the compound, m. p. 85°, is 9-phenylfluoren-9-ol is 
demonstrated by the following observations: with phosphorus pentachloride it gave 
9-chloro-9-phenylfluorene 18 and on reaction with hydrazoic and sulphuric acid it gave 
9-phenylphenanthridine in almost theoretical yield.* It seemed likely that the compound 
is dimorphic. This has been confirmed by the use of a specimen of the fluorenol, m. p. 
109—110°, kindly supplied by Dr. G. W. H. Cheeseman. Seeding our molten material 
with his gave the higher-melting form. The reverse change could not be effected and we 
regard our form as metastable. 


EXPERIMENTAL 


M. p.s are corrected. 98% Sulphuric acid was used; sulphuric acid—sodium azide— 
chloroform reaction mixtures were prepared as described for indane-1 : 3-dione. 

Chrysene was converted into chrysenequinone and thence into 1: 2-benzofluorenone by 
methods due to Bamberger and Burgdorf.}® 

To a hot solution of aluminium isopropoxide (from aluminium, 12-4 g., and propan-2-ol, 
170 ml.), was added a solution of 1: 2-benzofluorenone (30 g.) in benzene (300 ml.) and the 
whole was heated under reflux for 3} hr. The solvents were removed at reduced pressure and 
the product was decomposed with ice-cold dilute hydrochloric acid. To a solution of the 
product in hot benzene, n-heptane was added; on cooling there separated 1 : 2-benzofluoren- 
9-ol (21-5 g.), m. p. 175-5°, and, after recrystallisation, m. p. 176° (Found: C, 87-3; H, 5-15. 
Calc. for C,,H,,O: C, 87-9; H, 5-2%). Bamberger and Kranzfeld * record m. p. 166—167°. 
The fluorenol (0-5 g.), heated for 3 hr. on a steam-bath with acetic anhydride (1 ml.) and 
pyridine (5 ml.), yielded 9-acetoxy-1 : 2-benzofluorene, prisms (from ethanol), m. p. 113° (Found: 
C, 83-1; H, 5-15. C,,.H,,O, requires C, 83-3; H, 5-15%). 

Azido-veactions.—1 : 2-Benzofluorenone. Toa solution of this compound (4:6 g.) in sulphuric 
acid (20 ml.) at 0°, sodium azide (2-6 g.) was added; after 1} hr. the solution was poured on ice; 


14 Whitby and Katz, ibid., 1928, 50, 1160. 

18 Fusco and Rossi, Gazzetta, 1951, 81, 511. 

16 Ullmann and von Wurstemberger, Ber., 1904, 37, 73. 

17 Williamson, Anderson, and Watts, J. Amer. Chem. Soc., 1943, 65, 49. 
18 Arcus and Coombs, J., 1954, 3977. 

1® Bamberger and Burgdorf, Ber., 1890, 23, 2437; 1885, 18, 1933. 

20 Bamberger and Kranzfeld, ibid., p. 1934. 
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the fluorenone (3-7 g.) was recovered. The product from a similar procedure at 40—50° was 
shaken with 2N-sodium hydroxide, washed, dried, and submitted to vacuum-sublimation; the 
fluorenone first sublimed, followed by a small yield of a nitrogen-containing product, m. p. 
220—260°. 

The fluorenone (1-6 g.) was recovered from treatment of this ketone (2-3 g.) in trichloro- 
acetic acid (23 g.) with sodium azide (1-3 g.) at 65—85°. 

To polyphosphoric acid (83% P,O,; 20 g.) at 65° were added the fluorenone (1-15 g.) and 
then sodium azide (0-65 g.). After 14 hr. ice was added, and the product was sublimed in a 
vacuum; the ketone sublimed, followed by a small quantity of a nitrogen-containing product, 
m. p. 265—280°. 

1 : 2-Benzofluoren-9-ol. Toa stirred mixture of sulphuric acid (8 ml.), sodium azide (2-6 g.), 
and chloroform (30 ml.), a suspension of the fluorenol (4-6 g.) in chloroform (20 ml.) was added 
at 25°; the mixture was finally poured on ice, giving a precipitate of a brown amorphous solid 
(3-8 g.) and, when the acid aqueous solution was made alkaline with ammonia, a product 
(0-5 g.), m. p. 245—250°; both contained nitrogen and sulphur. 

Sodium azide (2-60 g.), chloroform (20 ml.), and trichloroacetic acid (40 g.) were stirred at 
room temperature for 15 min. At 30°, a suspension of the fluorenol (4-64 g.) in chloroform 
(20 ml.) was added during 30 min. After being stirred for a further 2 hr., the mixture was 
poured on ice (200 g.). The chloroform solution was washed with aqueous sodium hydrogen 
carbonate, and with water, dried (Na,SO,), and evaporated; the product crystallised from 
light petroleum (b. p. 60—80°) and yielded 9-azido-1 : 2-benzofluorene (3-53 g.), buff needles, 
m. p. 90—90-5° (Found: C, 79-3; H, 4-25; N, 16-5. C,,H,,N; requires C, 79-4; H, 4:3; N, 
16-35%). 

A solution of this azide (1-0 g.) in chloroform (10 ml.) was stirred at 0° with sulphuric acid 
(0-5 ml.), and the mixture was poured on ice; an insoluble material (0-6 g.) was formed, and the 
azide (0-4 g.) was recovered. 

A solution of this azide (3-00 g.) in trifluoroacetic acid (30 ml.) was boiled under reflux for 
45 min., cooled, and poured on ice (100 g.)._ The solid product was shaken for 1 hr. with, then 
filtered from, 2N-sodium hydroxide (75 ml.), and dried. It (2-56 g.; m. p. 107—115°) was 
warmed with acetone (125 ml.), and to the solution, filtered from a buff residue (<0-1 g.), was 
added a solution of picric acid (moist, 5-0 g.) in acetone (25 ml.). A yellow solid (1-89 g.) 
separated; after recrystallisation from dioxan (25 ml.) it (1-49 g.) had m. p. 236—237° (decomp.). 
The acetone filtrate was concentrated to 25 ml. and ethanol (25 ml.) was added; the precipitate, 
recrystallised from dioxan, gave material (0-37 g.) of the m. p. above. The mixed picrates so 
obtained (1-86 g.) were shaken for 30 min. with aqueous sodium hydroxide (10%, 63 ml.), and 
the whole was extracted with ether. The extract was washed with water, dried (Na,SO,), and 
on evaporation yielded a buff solid (0-86 g.), m. p. 131—132°. Ina similar experiment there 
were obtained 1-95 g. of the mixed picrates and 0-89 g. of the mixed bases. 

To a column of alumina (90 x 3 cm., wet with benzene), a solution of the bases (0-40 g.) in 
benzene (25 ml.) was added, and the column was eluted with the same solvent. In ultraviolet 
light, two blue-fluorescent bands could be seen. The first was collected in 2-6 1. of eluate, the 
product from which (A) (0-22 g.) had m. p. 132-5—133°. The second band adhered firmly to 
the column, the top 30 cm. of which were removed and washed with boiling benzene 
(4 x 100 ml.). The extract, on evaporation, gave product B (0-06 g.), m. p. 171-5—172°. 

In a second separation of the bases (0-40 g.), A (0-26 g., m. p. 134—134-5°) was obtained as 
before, but the second band was eluted from the column by acetone, evaporation of which gave 
a buff solid together with oil; ethanol (25 ml.) was added and the whole was warmed and 
filtered. To the filtrate was added picric acid (0-3 g.) in ethanol (5 ml.); the yellow picrate 
which separated was filtered off and dried; it (0-18 g.) had m. p. 272-5° (decomp.). 

The base A, on recrystallisation from ethanol, gave 1 : 2-benzophenanthridine, m. p. 135° 
(Found: C, 89-0; H, 4-75; N, 5-95. Calc. for C,,H,,N: C, 89-0; H, 4:85; N, 6-1%). The 
picrate, prepared in ethanol, had m. p. 256° (decomp.) (Found: N, 11-3. Calc. for C,,H,,O;N,: 
N, 12-2%). This compound, after recrystallisation from dioxan, had a slightly lower m. p. 
and nitrogen-content; it is presumably unstable. On addition of a solution of the base (0-1 g.) 
in hydrochloric acid (10 ml.) to aqueous platinic chloride (2%; 10 ml.) there separated 1 : 2- 
benzophenanthridine chloroplatinate, a buff solid, m. p. 279—280° (decomp.) [Found: Pt, 21-8. 
(C,,H,,N),.,H,PtCl, requires Pt, 22-5%]. 

The base B, on recrystallisation from ethanol, gave 7 : 8-benzophenanthridine, m. p. 182° 
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(Found: C, 88-5; H, 4:75; N, 5-95%), whose picrate, prepared in ethanol and recrystallised 
from dioxan, formed yellow needles, m. p. 277—-278° (decomp.) (Found: N, 11-95%). 

For 1 : 2- and 7: 8-benzophenanthridine Badger and Seidler *4 record m. p. 136° and m. p. 
183°. Graebe ** records m. p. 256° (decomp.) for the picrate of the former. 

With respect to the chromatographic separations: from 0-40 g. base there were isolated 
(i) 0-22, (ii) 0-26 g. of 1: 2-benzophenanthridine and (i) 0-06, (ii) 0-09 g. (based on yield of 
picrate) of the 7: 8-isomer; the ratio of the isomers from the second, and more nearly quantit- 
ative, separation is 2-9: 1. 

9-Azido-1 : 2-benzofluorene (1-50 g.) was heated in an oil-bath at 130°. A slow, then a 
violent, evolution of gas occurred. A methanolic solution of the product was treated with 
charcoal (0-1 g.), filtered, and concentrated to 15 ml.; two types of orange solid crystallised, and 
were separable. The paler (0-74 g.) on recrystallisation from methanol yielded 1 : 2-benzo- 
fluorenone imine, golden needles, m. p. 106-5° (Found: C, 88-9; H, 5-0; N, 6-0. C,,H,,N 
requires C, 89-0; H, 4-85; N, 6-1%); the darker solid (0-11 g.), similarly recrystallised, gave 
the first form together with dark orange prisms which were separated manually; the latter had 
m. p. 108—108-5°, and constituted the second form of the imine (Found: C, 88-8; H, 5-15; N, 
5-9%). A mixture (0-20 g.) of the two forms was heated under reflux for 30 min. with 30% 
sulphuric acid (10 ml.), and the product was filtered off, washed with water, and dried, giving 
1 : 2-benzofluorenone (0-18 g.), m. p. and mixed m. p. 134°. 

9-Phenylfluoren-9-ol. The procedure described for the preparation of azidobenzofluorene, 
but with half quantities of reagents, was applied to 9-phenylfluoren-9-ol (2-56 g., m. p. 109°). 
The product (2-52 g., m. p. 75—76°) yielded, after three recrystallisation from light petroleum 
(b. p. 60—80°), 9-azido-9-phenylfluorene, rectangular prisms, m. p. 78—78-5° (Found: C, 80-1; 
H, 4-75; N, 14-65. C,,H,,N, requires C, 80-5; H, 4-6; N, 14-85%). 

A mixture of sulphuric acid (2 ml.) and chloroform (4 ml.) was vigorously stirred at 25° 
during the dropwise addition of a solution of the above azide (0-80 g.) in chloroform (4 ml.). 
After being stirred for a further hour at 25°, the mixture was poured on ice. The chloroform 
solution was washed with 10Nn-sulphuric acid (2 x 10 ml.); the acidic solution was made 
alkaline with sodium hydroxide, then extracted with ether; the ethereal solution was dried 
(Na,SO,), and on evaporation gave a product which, after recrystallisation from light petroleum 
(b. p. 60—80°), yielded 9-phenylphenanthridine (0-63 g.), m. p. 104°. 

The azide (0-83 g.) was heated at 160—170° until no more gas was evolved. The resultant 
oil was dissolved in ethanol (15 ml.), and picric acid (1-0 g.) was added. The yellow precipitate 
[1-20 g., m. p. 248—250° (decomp.)] gave, after two recrystallisations from acetic acid, 9-phenyl- 
phenanthridine picrate, m. p. 251° (decomp.). It (0-68 g.) was treated with 2N-sodium hydr- 
oxide, and the whole was extracted with ether; from the extract there was obtained, as above, 
9-phenylphenanthridine (0-18 g.), m. p. 104°. Arcus and Coombs ® record m. p. 106° for the 
base, and m. p. 251° (decomp.) for the picrate. 

Indene. To a stirred mixture of sodium azide (65 g.), chloroform (200 ml.), and sulphuric 
acid (150 ml.), a solution of indene (69-6 g.) in chloroform (150 ml.) was so added during 2 hr. 
that the temperature remained at 25—30°. After being stirred for a further } hr., the whole 
was poured on ice. Much brown tar was formed. The acidic aqueous solution was made 
alkaline with 30% aqueous sodium hydroxide and extracted with ether; the latter yielded a 
viscous straw-coloured oil (16-2 g.) (Found: N, 12-6. Calc. for C,H,N: N, 10-7%). This 
product (4-50 g.) was heated at 220° + 10° for 2} hr. with 10% palladised charcoal (4-5 g.), 
hydrogen equivalent to 690 ml. at N.T.P. being evolved (Calc. for aromatisation of dihydro- 
quinoline: 770 ml.). A solution of the dehydrogenated material in 2N-hydrochloric acid was 
filtered, made alkaline with 2N-sodium hydroxide, and distilled in steam. There remained a 
substance of m. p. >300°, and the distillate yielded a yellow oil (0-60 g.), b. p. 140—150°/40 mm., 
n® 1-6100, which smelt of quinoline and gave a picrate having m. p. 193—198°. (For quinoline 
and isoquinoline, respectively, the comparable data are: b. p. 132°/40-5 mm., 142°/40 mm.; 
n® 1-6268, 1-6148; picrate, m. p. 203°, 223°.) 

Indane-1 : 3-dione. Sulphuric acid (15 ml.) was added dropwise to a stirred, ice-cooled, 
mixture of sodium azide (2-6 g.) and chloroform (15 ml.). After a further 15 min., the ice was 
replaced by a water-bath at 30° and indane-1 : 3-dione [(i), (ii) 2-92-g.], in solution in chloroform 
(20 ml.) was added during lhr. Stirring was continued for 2 hr., the mixture was then poured 


*! Badger and Seidler, J., 1954, 2329. 
22 Graebe, Annalen, 1904, 335, 129. 
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on ice (200 g.), the whole was shaken mechanically for $ hr., and the insoluble solid product 
[(i) 1-99 g., m. p. 311° (decomp.), (ii) 2-10 g., m. p. 322° (decomp.)} was collected. Recrystallis- 
ation from butan-1l-ol gave 2 : 4-dihydroxyquinoline, needles having a purple tinge, m. p. 331° 
(decomp.). Reaction of the product (0-5 g.) with phosphorus oxychloride (5 ml.), according 
to Koller,** yielded 2 : 4-dichloroquinoline (0-35 g.), m. p. 683—64°, which after decolorisation and 
recrystallisation from aqueous ethanol formed needles, m. p. 66°; Koller records m. p. 67—68°. 
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806. Perfluoroalkyl Derivatives of Sulphur. Part VII.* Alkyl Tri- 
fluoromethanesulphonates as Alkylating Agents, Triflworomethane- 
sulphonic Anhydride as a Promoter for Esterification, and Some 
Reactions of Trifluoromethanesulphonic Acid. 


By T. Gramstap and R. N. HASZELDINE. 


The reactions of trifluoromethanesulphonic acid are shown to be domin- 
ated by its very strong acidity. It gives its ethyl ester with ethylene, 
ethanol, or diethyl ether. It forms a stable solid monohydrate, which, like 
the acid, gives the anhydride on dehydration (P,O;). Trifluoromethane- 
sulphonic anhydride acts as a ‘“‘ promoter ’’ for esterification, but its mixture 
with hydrogen peroxide does not have the oxidising power of peroxytrifluoro- 
acetic acid. The amide and anilide and the disulphone (CF;°SO,),CH, are 
strongly acidic, and the esters are valuable as a source of carbonium ions and 
for O-, C-, and N-alkylation. Other aspects of the chemistry, and infrared 
spectra, are recorded and discussed. 


TuIs paper reports a general study of the reactions of the strong, stable, and non-oxidising 
trifluoromethanesulphonic acid, a convenient synthesis of which was described in Part IV.1 
The Acid.—That trifluoromethanesulphonic acid is a strong acid is shown by con- 
ductivity measurements in water ? and acetic acid.* In many ways it resembles sulphuric 
acid, as shown by the following reactions. 
Trifluoromethanesulphonic acid with ethylene at room temperature rapidly gives ethyl 
trifluoromethanesulphonate (cf. ethyl hydrogen sulphate) and a low polymer of ethylene: 


CF,SO,H + (n + 1)C,H, —+ CF,-SO,Et + [C,H,]. 


It is very soluble in many oxygen-containing liquids, e.g., alcohols, ethers, and ketones. 
Oxonium compounds are the first products, but further reaction often occurs, particularly 
on heating. Reaction with ethanol yields the ester as expected, but in addition dehydr- 
ation and ether formation occur. Ethyl ether with trifluoromethanesulphonic acid gives a 
colourless liquid (Et,;OH*CF,°SO,-), stable at room temperature and boiling considerably 
higher than ether: cleavage to ethyl trifluoromethanesulphonate and ethylene occurs when 
the liquid is heated. The reactions of trifluoromethanesulphonic acid with ethylene, 
ethanol, and ethyl ether can thus be reversed. 

A white, stable, solid by-product from many of these reactions was identified as the 
monohydrate, H,O*CF,’SO,~. This does not fume in air, and is also formed when the 
fuming anhydrous acid is exposed to moist air or by distillation of equimolar amounts of 


* Part VI, /J., 1957, 2640. 


1 Gramstad and Haszeldine, /., 1956, 173. 
* Haszeldine and Kidd, J., 1954, 4228. 
3 Gramstad and Haszeldine, unpublished results. 
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the acid and water. It has a low melting point (34°), and distils unchanged. Con- 
centrated sulphuric acid dehydrates it only slowly, even when hot, and its ethereal solution 
is unaffected by anhydrous sodium sulphate. An excess of phosphoric anhydride or of 


CF,°SO,H 
CF,'SO,H + EtOH ——— CF,-SO,Et + H,O ————» H,O*CF,-SO,- 
EcOH 
CF,°SO,H 
H,O*CF,SO,- + C,H, Et,O + CF,-SO,H === [Et,OH]*[CF,-SO,]- 


phosphorus pentachloride converts the monohydrate into the anhydride or the sulphonyl 
chloride respectively. Reaction of an excess of phosphoric anhydride with trifluoro- 
methanesulphonic acid also gives trifluoromethanesulphonic anhydride. The marked 
difference in boiling point between the acid (162°) and the anhydride (84°) [cf. CF,;-CO,H 
72°, (CF,°CO),0 40°) is consistent with the hydrogen-bonding in the acid. Trifluoro- 
methanesulphonic anhydride is a colourless, mobile liquid which is stable indefinitely in 
absence of organic matter. In presence of organic impurity the compound darkens 
rapidly, giving the appearance of being unstable. It is a powerful esterifying agent, and 
methanol, for example, gives a theoretical yield of methyl trifluoromethanesulphonate in a 
few minutes at room temperature. Furthermore, the anhydride is a “ catalyst,” or 
“promoter,” for simple esterification reactions. Trifluoromethanesulphonic anhydride is 
better in some ways than trifluoroacetic anhydride, which has been studied * extensively 
in this connection. In an organic medium trifluoromethanesulphonic acid is a much 
stronger acid than trifluoroacetic acid; * the much greater inductive effect of the CF,SO, 
group than of the CF,-CO group suggests that the mixed anhydride CF,SO,°0-OZ 
derived from the oxyacid ZOH is a better source of Z*, e.g., an acyl carbonium ion 
when ZOH is a carboxylic acid (Z = R°CO): 


(CF,"SO,),0 + R-CO,H ——™ CF,"SO,"O-COR + CF,°SO,H 
CF,SO,°O-COR + R-CO,H ——™ (R-CO),O + CF,°SO,H 


(CF,-SO,),0 + (R*CO),O —— 2CF,SO,-O-COR 
then 





CF,SO,-O-COR ==> CF,'SO,- + R-CO* 


There is now a reasonable amount of evidence that acyl carbonium ions are involved in 
many organic processes.> Furthermore, the acid strength of trifluoromethanesulphonic 
acid, greater even than that of perchloric acid,? means that the acid, produced from the 
anhydride during esterification reactions, is itself a powerful catalyst. Trifluoromethane- 
sulphonic anhydride thus probably functions in two ways: to form a mixed anhydride, 
and also to yield the catalyst trifluoromethanesulphonic acid. The last compound alone 
is often not as good an esterification promoter as its anhydride, since it can react with the 
alcohol in other ways, ¢.g., by dehydration to give olefins or ethers, and by carbonisation. 
The similarity of trifluoromethanesulphonic acid to sulphuric acid also means that sensitive 
alcohols, ¢.g., carbohydrates, are liable to be carbonised on treatment with trifluoro- 
methanesulphonic acid, and for such alcohols trifluoroacetic anhydride is a better esterific- 
ation promoter. 

Trifluoromethanesulphonic anhydride has been used to prepare the esters shown in the 
annexed Table, where the yields are compared with those obtained ‘ by using trifluoroacetic 
anhydride as promoter. The reaction is exothermic and additional heating is necessary 

« Bourne, Stacey, Tatlow, and Tedder, J., 1949, 2976; 1951, 718; Bourne, Randles, Stacey, Tatlow, 


and Tedder, J. Amer. Chem. Soc., 1954, '76, 3206. 
5 For a review see Burton and Praill, Quart. Rev., 1952, 6, 302. 
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Yields of esters. 
Catalyst Catalyst 
(CFy:SO,),0 (CF,-CO),0 (CF,:SO,),0 (CF,-CO),O 
p-NO,-C,H, apt: ORG oe 87 83 (CEOs) g  tccescscccsccee 71 48 
oo Ne 85 85 (CHyCH,*CO,Ph), ...... 77 57 
pNO«' C,H, “CH, OBz ... 82 69 2-C,9H,"O,S‘C,H,Me-p... 38 13 
UIE Sseschevcecaavsscsate 87 82 


for only a short period, if at all. The marked increase in yield for formation of the toluene- 
p-sulphonate can again be attributed to the fact that trifluoromethanesulphonic acid is 
much stronger than the arylsulphonic acid, #.e., formation of CH,°C,H,°SO,* is facilitated; 
by contrast toluene-f-sulphonic acid and trifluoroacetic acid are of much the same 
strength in an organic medium. Trifluoromethanesulphonic anhydride should thus 
catalyse the formation of arylsulphones and ketones by Friedel—Crafts-type reactions, and 
should be a promoter for phosphorylation, nitration, etc., just like trifluoroacetic anhydride 
and with advantages or disadvantages predictable from the known properties. Some of 
these reactions will be described later. 

Emmons é al. showed ® that peroxytrifluoroacetic acid, prepared from trifluoroacetic 
anhydride and hydrogen peroxide, is a powerful yet specific oxidising agent. Our 
preliminary results show that trifluoromethanesulphonic anhydride—hydrogen peroxide or 
trifluoromethanesulphonic acid—hydrogen peroxide mixtures, 7.e., potential peroxytri- 
fluoromethanesulphonic acid, CF,°SO,H, do not have the oxidising power of peroxytri- 
fluoroacetic acid. This appears to be caused to some extent by the acid strength of 
trifluoromethanesulphonic acid and by its tendency to form its monohydrate. Thus 
dimethylnitrosamine, which peroxytrifluoroacetic acid oxidises smoothly to dimethyl- 
nitramine, is decomposed rather than oxidised by the sulphonic acid—peroxide solution. 
Similarly aniline gives mainly aniline trifluoromethanesulphonate and only 2—5% of 
nitrobenzene, whereas peroxytrifluoroacetic acid gave nitrobenzene in 82% yield. cyclo- 
Hexene also failed to yield cyclohexane-l : 2-diol with a mixture of trifluoromethane- 
sulphonic anhydride—hydrogen peroxide, whereas peroxytrifluoroacetic acid gives an 82% 
yield. Trifluoromethanesulphonic acid hydrate was a product from all these reactions, 
indicating that the 90% hydrogen peroxide was dehydrated, at least in part, by the acid. 
Although use of a large excess of the anhydride or of 100% hydrogen peroxide might give 
better results, with a greater concentration of the peroxy-compounds CF,°SO,°0O-OH or 
(CF,°SO,).Og, little or no advantage would be offered over peroxytrifluoroacetic acid. For 
this type of reaction therefore trifluoromethanesulphonic acid is too strong an acid. 

Salts.—Inorganic salts of trifluoromethanesulphonic acid were described in Parts I and 
IV, and the marked thermal and chemical stability of salts of the homologous acids 
CF,°(CF,],_,°SO,H was reported in Part VI.’ 

Sodium and potassium trifluoromethanesulphonates have low melting points (230°, 
248°) 1 relative to the corresponding sulphates (884°, 588°) and resemble the hydrogen 
sulphates [240° (decomp.) 210°] more in this respect. The alkali-metal trifluoromethane- 
sulphonates, which thus have a long and useful liquid range, are substantially unchanged 
at 400°. Trifluoromethanesulphonic acid itself is stable to at least 350° and its aqueous 
solution is stable to at least 275°. Pyrolysis of the acid in platinum at 650° affords 
sulphuryl fluoride, carbonyl fluoride, fluoroform, and carbon dioxide. This marked 
stability is also shown by the failure of silver trifluoromethanesulphonate to react 
appreciably with iodine at temperatures below 300°. At a much higher temperature 
trifluoromethanesulphonic anhydride is the main product and only a 0-5% yield of 
trifluoroiodomethane is obtained: 

2CF,'SO,Ag —> (CF,"SO,),O + Ag,O 
CF,SO,Ag + |, —— CF, + SO,(+ Agl, AglO,, Ag,O, etc.) 





* Emmons ef al., J. Amer. Chem. Soc., 1953, 75, 4623; 1954, 76, 3470, 3472; 1955, 77, 89, 107, 189. 
7 Gramstad and Haszeldine, J., 1957, 2640. 
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In contrast, silver trifluoroacetate reacts with iodine at 200° to give a 95% yield of 
trifluoroiodomethane (CF,-CO,Ag —» CFI, CO,, AgI).§ 

Trifluoromethanesulphonic acid is best characterised by its organic salts, e.g., aniline, 
N-ethylaniline, NN-diethylaniline, or triethylamine salts with characteristic infrared 
spectra. The aniline salt is useful for identifying small amounts of the acid, since it is 
formed quantitatively, is not hygroscopic, and is readily purified without recrystallisation. 
The S-benzylthiuronium salt is also useful in this connection. 

Trifluoromethanesulphony! chloride with aniline gives the sulphonamide. This is also 
produced, though less readily, from trifluoromethanesulphony] fluoride or the anhydride and 
aniline. Trifluoromethanesulphonanilide contains a strongly acidic amide-hydrogen atom 
which can be titrated with aqueous alkali; the anilide liberates carbon dioxide from 
sodium hydrogen carbonate. Trifluoromethanesulphonamide, prepared from the sulphonyl 
fluoride or chloride + or the anhydride and ammonia, is also a stronger acid than carbonic 
acid and can be titrated with aqueous alkali. Its N-halogeno-compounds, CF,-SO,-NHX 
(X = Cl, Br, or I), should thus be powerful electrophilic halogenating agents, better even 
than the halogen trifluoroacetates, CF,-CO,X.® The marked association in solid trifluoro- 
methanesulphonamide, noted earlier + from its infrared spectrum, is in agreement with the 
above observations. 

Alkyl Trifluoromethanesulphonates as Alkylating Agents.—Alkyl trifluoromethane- 
sulphonates are readily prepared by reaction of silver trifluoromethanesulphonate with an 
alkyl iodide.1 The strongly electron-attracting CF,-SO, group facilitates alkyl-oxygen 
fission, and the esters are therefore good alkylating agents. Ethyl trifluoromethane- 
sulphonate decomposes at 150° to give trifluoromethanesulphonic acid, but is capable of 
effecting alkylation at appreciably lower temperatures. O-Alkylation of methanol gives 
ethyl methyl] ether (65°): hydrolysis of the ethyl ester and formation of ethylene from the 
ethanol so produced accounts for the rest of the product. 

O-Alkylation also occurs by ether cleavage. Thus methyl trifluoromethanesulphonate 
and diethyl ether yield ethyl trifluoromethanesulphonate and ethyl methyl ether as the 
main products, with small amounts of trifluoromethanesulphonic acid as by-product 
arising by decomposition of the ethyl ester. This O-alkylation explains why ethy] trifluoro- 
methanesulphonate is formed, rather than the methyl ester, when methyl iodide and silver 
trifluoromethanesulphonate are mixed in diethyl ether; the methyl trifluoromethane- 
sulphonate first formed alkylates the solvent: 


CF,-SO,Ag -+ Mel ——» CF,SO,Me + Agl 
Er,O 
CF,-SO,Me ——— CF,-SO,Et + MeOEt 


Alkylation of benzene is effected by ethyl trifluoromethanesulphonate at room temper- 
ature, but is facilitated by heating under reflux: both mono- (mainly) and di-ethylbenzene 
are produced. 9: 10-Dimethylanthracene is believed to be a by-product: 


OO - OO - QO 


9: 10-Dimethylanthracene was obtained by one of us from o-diethylbenzene and benzene 
in presence of aluminium chloride.?¢ 
N-Alkylations of NHEt, to NEt, and of NH,Ph to NHPhEt + NPhEt, were effected 
rapidly and essentially quantitatively at room temperature.. Mono- or di-alkylation of 
® Haszeldine, J., 1951, 584 et seq. 


* Haszeldine and Sharpe, J., 1952, 993. 
1° Berner, Gramstad, and Vister, Acta Chem. Scand., 1953, 7, 1255. 
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aniline depends only on reactant ratio. The products are obtained as their trifluoro- 
methanesulphonates. 

The above alkylations are probably catalysed by small amounts of trifluoromethane- 
sulphonic acid present in the ester used, or produced by breakdown on warming. Use of 
trifluoromethanesulphonic acid in alkylation reactions offers several advantages over 
perchloric acid and its esters: it is a stronger acid, it is readily obtained anhydrous, and 
neither it nor its derivatives is explosive. It should find widespread use for alkylations 
involving alcohols, olefins, etc. 

Trifluoromethanesulphonyl Fluoride.—This acid fluoride is readily obtained by electro- 
chemical fluorination of methanesulphony] fluoride,! and is potentially a good source of a 
CF;°SO, group. The S-F bond is not highly reactive, as indicated earlier! by its slow 
hydrolysis by water and failure to react with ethanol at 100°. An attempt to convert it 
into the more reactive trifluoromethanesulphonyl chloride by reaction with aluminium 
trichloride was unsuccessful, as was an attempt to prepare the anhydride (CF,°SO,),0 by 
reaction with silver trifluoromethanesulphonate. 

Methylmagnesium iodide reacts readily with the fluoride to give methy] trifluoromethyl] 
sulphone and _ bis(trifluoromethanesulphonyl)methane. The last compound arises by 
further reaction involving the acidic hydrogen of the sulphone. It is a strong acid as 
expected from the presence of two CF,‘SO, groups on one carbon atom; it is readily 
soluble in water, and gives a neutral sodium or silver salt by titration. Bis(trifluoro- 
methanesulphonyl)methane in ether reacted with the sodium sulphate being used in 
one experiment as drying agent, to give the sodium salt. The disulphone is best isolated 
in this way after the Grignard reaction. Synthesis on a larger scale is best effected by 
interaction of methylmagnesium bromide and trifluoromethanesulphony! fluoride in a 
stainless steel autoclave. J 

Infrared Spectra.—The annexed Table shows the characteristic asymmetric and sym- 
metric -SO,~- bands and the C-F bands of certain of the compounds mentioned above. 
Assignments have been based on earlier studies on the —SO,- and -SO,- groups.™»1 


Asymmetric Symmetric C-F 
Compound * stretching (pu) stretching (y) stretching () 
Sulphones 
Soe 3 ea 7-36 8-90 8-17, 8-35 
DRED peccnccsenssecceeseesniend 7-15 or 7-36 9-00 8-20, 8-32 
oe RINE 7-45 or 7-58 8-88 or 9-08 8-26, 8-36 
GeO EMRE: adinninsmnssoerecdincens 7-56 or 7-66 8-81 or 9-13 8-15, 8-36 
Anhydride 
6-80 
I 6.85 /doublet 8-84 8-07 
Salis 
CA Re MEE) sctnncssnnsaacnrasantareda 7-68 or 7-82 + 9-64 8-00 
SS Ora 7-80 t+ 9-60 8-10, 8-21 
ef ie Ok ere 7-90 + 9-67 8-20 
CEFSO, PRNEIRE,* (IN) .cccccccccccesccccses 7-80 + 9°74 8-10, 8-19 
ye 8. eee 7-80 fT 9-70 8-04, 8-16 


* 1 = liquid, N = Nujol or hexachlorobutadiene mull, s.f. = solid film. 
¢ Tentative assignment. 


The asymmetric stretching vibration for methyl] trifluoromethyl sulphone lies at shorter 
wavelength than that in dimethyl sulphone (7-54 yz), as expected from the greater electron- 
attracting power of CF, than of CH. Replacement of CH, in methyl trifluoromethyl 
sulphone by the more electronegative -CH,°SO,°CF, group should cause a further shift to 
shorter wavelength, and the 7-15 » band is thus preferred as the asymmetric stretch- 
ing vibration in bis(trifluoromethylsulphonyl)methane to the slightly weaker band at 
7-36 u. Definite distinction cannot be made between the possible bands at 7-45 or 7-58 


11 Haszeldine and Kidd, /., 1955, 2901. 
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and 7-56 or 7-66 u for the silver and sodium salts respectively. The symmetric SO, stretch- 
ing vibration is near 9 » for the above compounds. Bis(diethylsulphonyl)methane ™ 
has bands at 7-55 and 8-90 pu. 

The spectrum of trifluoromethanesulphonic anhydride reveals the SO, vibrations at 
positions close to those ? in the esters methyl and ethyl trifluoromethanesulphonate. Both 
anhydride and ester contain a covalent CF,-SO,°O- group; the anhydride has an electron- 
attracting CF,-SO, group attached, and its SO, asymmetric stretching vibration thus lies 
at slightly shorter wavelength (6-8 »; cf. 7-0 u for the esters). 

The spectra of the organic salts of trifluoromethanesulphonic acid, and of its hydrate, 
are consistent with the presence of a CF,°SO,~ group as in the alkali-metal salts studied 
earlier.1+1 The H,O* band appears at 2-89 », and the N-H absorptions are weak bands 
near 3 u. 


EXPERIMENTAL 


Electrochemical fluorination of methanesulphonyl fluoride, conversion of the resulting 
trifluoromethanesulphony] fluoride into barium trifluoromethanesulphonate, and reaction of 
this salt with concentrated sulphuric acid gave trifluoromethanesulphonic acid.1 The acid was 
stored in sealed containers and contact with moisture or organic matter was avoided. Reactions 
were carried out in sealed Pyrex tubes, filled and opened in vacuo, unless otherwise stated 
Stringent precautions were taken to exclude moisture or air. 

Some Reactions of Trifluoromethanesulphonic Acid.—(a) With ethylene. The acid (3-97 g., 
26 mmoles), shaken with ethylene (0-74 g., 26 mmoles) in a sealed tube at 20° for 15 min., gave 
(i) ethyl trifluoromethanesulphonate (1-90 g., 40% based on ethylene used), b. p. 115°,} (ii) an 
unidentified gas (0-092 g.), (iii) unchanged ethylene (0-028 g., 4%), (iv) trifluoromethane- 
sulphonic acid (1-1 g.), b. p. 74°/26 mm., and (v) a semi-solid material (0-7 g.) containing 
trifluoromethanesulphonic acid and polymerised ethylene from which the acid was removed by 
shaking with water. Distillation im vacuo, infrared spectroscopy, and molecular-weight 
determination were used to identify the fractions. 

(b) With ethanol. Anhydrous ethanol (1-04 g., 23 mmoles) dissolved exothermically in 
trifluoromethanesulphonic acid (3-39 g., 23 mmoles). Distillation under reduced pressure gave 
(i) ethyl trifluoromethanesulphonate (1-8 g., 45%), b. p. 42°/40 mm., 115°/760 mm..,! (ii) tri- 
fluoromethanesulphonic acid (1-5 g.), identified via its aniline salt, and (iii) a residue (0-31 g.). 
The volatile products were ethyl ether (0-16 g., 19% based on ethanol) and ethylene (0-082 g., 
13%), identified by their molecular weight and spectra. 

(c) With ethyl ether. The acid (0-84 g., 5-6 mmoles) formed a colourless solution with 
anhydrous ether (0-70 g., 8-9 mmoles) which was heated in a sealed tube at 85° for 2hr. Distil- 
lation, etc., gave ethyl ether (0-31 g., 45%), ethyl trifluoromethanesulphonate (0-43 g., 43%), 
ethylene (0-03 g., 6%), and a mixture of trifluoromethanesulphonic acid and its monohydrate. 

(d) Thermal stability. There was no reaction when anhydrous trifluoromethanesulphonic acid 
(1-1 g.) was heated in vacuo at 350° for 7 hr. A 5% aqueous solution of the acid was unchanged 
at 275° for 5 hr. (no F~ liberated; CF,*SO,Na obtained quantitatively on titration). 

Passage of trifluoromethanesulphonic acid (3-1 g.) through a platinum tube at 650° gave 
sulphuryl fluoride (61%), carbonyl fluoride (43%), carbon dioxide, fluoroform (9%), and 
hydrogen fluoride. 

(e) S-Benzylthiuronium salt. The acid (0-41 mmole) in water (2 ml.), mixed with S-benzyl- 
thiuronium chloride (0-41 mmole) in water (2 ml.) gave a white precipitate, recrystallised from 
water and dried im vacuo over phosphoric anhydride, of the S-benzylthiuronium salt (87%) 
(Found: C, 34-2; H, 3-7. C,H,,0O,N,S,F, requires C, 34-4; H, 3-5), m. p. 139—140°. 

Trifiuoromethanesulphonic Acid Monohydrate.—The acid (0-94 g., 6 mmoles), distilled with 
water (0-11 g., 6 mmoles), gave trifluoromethanesulphonic acid monohydrate (0-88 g., 84%) (Found: 
C, 7-1; H, 1-9%; equiv., 168. CH,O,F,S requires C, 7-1; H, 18%; equiv., 168), b. p. 
96°/1 mm., m. p. 34°, as a white hygroscopic solid which does not fume in air. Neutralisation of 
an aqueous solution of the hydrate with sodium carbonate, freeze-drying, and extraction of the 
residual solid with acetone followed by evaporation of the extract to dryness, gave sodium 
trifluoromethanesulphonate,' identified by means of its infrared spectrum and mixed m. p. 

Trifiuoromethanesulphonic Anhydride.—Trifluoromethanesulphonic acid (32-1 g.) was mixed 





_—_we woe ew vw 


(i we 


or™ VS 





[1957] Perfluoroalkyl Derivatives of Sulphur. Part VII. 4075 


with phosphoric anhydride to give a thick paste, then heated im vacuo by means of a free flame, 
and the volatile material was transferred to a trap cooled to —183°. Rapid initial heating is 
to be avoided since the mixture darkens. Redistillation from phosphoric anhydride gave 
trifluoromethanesulphonic anhydride (25-0 g., 83%) (Found: C, 8-5; H, 0%; equiv., 141. 
Calc. for C,O,F,S,: C, 8-5; H, 0%; equiv., 141), b. p. 84°. The anhydride reacts relatively 
slowly with water or 0-05N-aqueous sodium hydroxide, but rapidly turns blue litmus red. 
Unlike trifluoromethanesulphonic acid, it does not fume in air. 

In an attempt to prepare the anhydride by reaction of the acid with an excess of thionyl 
chloride at 125° for 4-5 hr. no reaction was detected. 

The anhydride (1-0 mmole) reacted instantly with ammonia (10% excess), to give the chloro- 
form-soluble trifluoromethanesulphonamide ! (84%), m. p. 119°, and ammonium trifluoro- 
methanesulphonate. 

Trifluoromethanesulphonic anhydride (0-560 g., 2 mmoles) and anhydrous methanol (0-057 g., 
1-8 mmoles) were kept at room temperature for 15 min. The more volatile products were 
transferred to an apparatus for manipulation of volatile compounds and distilled in vacuo, to 
give methyl] trifluoromethanesulphonate (0-290 g., 99%) (identified spectroscopically 1). The 
residue of higher b. p. was trifluoromethanesulphonic acid. 

Trifluoromethanesulphonic Anhydride as an Esterification Promoter.—(a) 4-Nitrobenzyl acetate. 
4-Nitrobenzyl alcohol (0-20 g.), glacial acetic acid (0-7 ml.), and trifluoromethanesulphonic 
anhydride (1-0 ml.), were shaken at 60° for 5 min., then poured slowly into aqueous sodium 
hydrogen carbonate. Extraction with chloroform, drying, and evaporation of the solvent gave 
4-nitrobenzyl acetate (87%), m. p. 78° (from aqueous ethanol). 

(b) 8-Naphthyl acetate. The anhydride (1-0 ml.), 8-naphthol (0-50 g.), and acetic acid 
(4-0 ml.), heated to 40° for 5 min., then treated as in (a) above, gave $-naphthyl acetate (85%), 
m. p. 70° (from aqueous ethanol). 

(c) 4-Nitrobenzyl benzoate. The anhydride (1-0 ml.), benzoic acid (1-0 g.), and 4-nitrobenzyl 
alcohol (0-20 g.), treated as in (a), gdve p-nitrobenzyl benzoate (82%), m. p. 89° (from aqueous 
ethanol). 

(d) Phenyl benzoate. Phenol (0-60 g.), the anhydride (2 ml.), and benzoic acid (1-4 g.) 
similarly gave phenyl benzoate (87%), m. p. 70° (from aqueous ethanol). 

(e) Ethylene dibenzoate. Ethylene glycol (0-40 g.), benzoic acid (1-6 g.), and the anhydride 
(2 ml.), heated on a water-bath for 10 min., then worked up as in (a), gave ethylene dibenzoate 
(71%), m. p. 73° (from ethanol-light petroleum). 

(f) Phenyl adipate. Adipic acid (0-50 g.), trifluoromethanesulphonic anhydride (1-0 ml.), 
and phenol (0-60 g.), treated as in (b), gave phenyl adipate (77%), m. p. 106° (from aqueous 
ethanol). 

(g) 8-Naphthyl toluene-p-sulphonate. Toluene-p-sulphonic acid (0-90 g.), 8-naphthol (0-55 g.), 
and the anhydride (2 ml.), treated as in (a) but with ether for extraction, gave §-naphthyl 
toluene-p-sulphonate (38%), m. p. 124° (from ethanol). 

Blank experiments showed that the yield of ester was not as high when trifluoromethane- 
sulphonic acid was used instead of trifluoromethanesulphonic anhydride. 

Attempted Oxidations with Hydrogen Peroxide and Trifluoromethanesulphonic Acid or Tri- 


fluoromethanesulphonic Anhydride—(a) Dimethylnitrosamine. The nitrosamine (0-27 g., 


3-6 mmoles) was added slowly to a solution of 90% hydrogen peroxide (0-25 ml., 8-9 mmoles) in 
trifluoromethanesulphonic acid (1-35 g., 8-9 mmoles). Vigorous reaction set in after 5 min. with 
copious evolution of oxides of nitrogen; the experiment was abandoned. 

(b) Aniline. (i) To a suspension of 90% hydrogen peroxide (0-92 ml., 33 mmoles) in 
methylene chloride (20 ml.), cooled to 0°, was added trifluoromethanesulphonic acid (5-0 g., 
33 mmoles). The solution was stirred for 15 min., and the cooling bath removed. Aniline 
(0-78 g., 8-3 mmoles) in methylene chloride (5 ml.), added dropwise during 10 min., caused an 
exothermic reaction with deposition of a solid. The mixture was heated under reflux for 2 hr. 
and the methylene chloride was decanted from the solid, then washed with water (2 x 50 ml.) 
and 10% aqueous sodium carbonate (10 ml.), and dried (Na,SO,). Distillation gave methylene 
chloride and nitrobenzene (0-040 g., 4%), identified, spectroscopically. The solid deposited 
during the initial reaction was extracted with ether. The insoluble solid was aniline trifluoro- 
methanesulphonate (1-56 g., 77%). After being dried (Na,SO,) the ethereal extracts were 
distilled, to give trifluoromethanesulphonic acid and its monohydrate (2-1 g., 38%), m. p. 34°, 
b. p. 96°/1 mm. 
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A second experiment, without methylene chloride, gave only a low yield of nitrobenzene. 

(ii) Trifluoromethanesulphonic anhydride (5-64 g., 20 mmoles) in methylene chloride (5 ml.) 
was cooled to 0° and 90% hydrogen peroxide (0-49 g., 18 mmoles) was added. The mixture was 
stirred for 15 min. and the ice-bath was then removed whilst aniline (0-939 g., 10 mmoles) in 
methylene chloride (5 ml.) was added during 10 min. A solid was deposited. The mixture 
was heated under reflux for 1 hr., then the solution was decanted from the aniline trifluoro- 
methanesulphonate, washed with water (50 ml.), 10% aqueous sodium carbonate (50 ml.), dried 
(Na,SO,), and distilled, to give methylene chloride and a residue of nitrobenzene (0-022 g., 2% 
identified spectroscopically. 

(d) cycloHexene. (i) cycloHexene (1-30 g., 16 mmoles) was added slowly to a mixture of 
trifluoromethanesulphonic anhydride (5-64 g., 20 mmoles) and 90% hydrogen peroxide (0-49 ml., 
18 mmoles) at 0°. The cooling bath was removed and 30 min. later a vigorous reaction ensued 
which carbonised the reactants. 

(ii) eyeloHexene (1-30 g., 16 mmoles) in methylene chloride (10 ml.) was added slowly toa 
stirred mixture of trifluoromethanesulphonic anhydride (5-64 g., 20 mmoles), 90% hydrogen 
peroxide (0-49 ml., 18 mmoles), and methylene chloride (10 ml.). The mixture was heated 
under reflux for 1 hr. and the solvent was evaporated. The residue was treated with anhydrous 
methanol and heated under reflux for 4 hr. Distillation gave only methy] trifluoromethane- 
sulphonate and trifluoromethanesulphonic acid monohydrate (2-10 g., 31%), b. p. 102°/2 mm., 
m. p. 34°, and no 1 : 2-cyclohexanediol; a black tar remained. 

(e) Comparison with peroxytrifiuoroacetic acid. To a solution of trifluoroacetic anhydride 
(0-17 ml., 120 mmoles) and 90% hydrogen peroxide (2-7 ml., 100 mmoles) in methylene chloride 
(20 ml.) at 0° was added aniline (2-35 ml., 25 mmoles) in methylene chloride (10 ml.) during 
15 min. The exothermic reaction caused the solution to boil, and the mixture was finally 
heated under reflux for lhr. It was washed with water (50 ml.), 10% aqueous sodium carbonate 
(50 ml.), dried (Na,SO,), and distilled to give methylene chloride and nitrobenzene (2-56 g., 
82%). There was no formation of aniline trifluoroacetate. 

Organic Salts of Trifluoromethanesulphonic Acid.—Aniline (2-0 g., 21-5 mmoles) reacted 
vigorously with trifluoromethanesulphonic acid (3-2 g., 21-3 mmoles), to give aniline trifluoro- 
methanesulphonate (5-2 g., 100%) (Found: C, 34-4; H, 3-3; N, 5-6. Calc. for C;,H,O,NF;S: 
C, 34-6; H, 3-3; N, 5-8%), m. p. 263° (decomp.), soluble in water, ethanol, or acetone, and 
insoluble or only slightly soluble in ether, benzene, or carbon tetrachloride. The salt, readily 
purified by washing with ether, provides the best method for the spectroscopic identification of 
small amounts of trifluoromethanesulphonic acid. 

N-Ethylaniline trifluoromethanesulphonate (0-92 g., 100%) (Found: C, 40-2; H, 4-1; N, 5-4. 
C,H,.0,NF;,S requires C, 39-9; H, 4-4; N, 5-2), m. p. 67°, is not hygroscopic and is analytically 
pure after being washed once with ether. 

NN-Diethylaniline trifluoromethanesulphonate (0-94 g., 100%) (Found: C, 44-4; H, 5-6; N, 
5-0. C,,H,,O,;NF,S requires C, 44-2; H, 5-4; N, 4-7%) crystallised at 0° overnight. The 
solid, washed once with ether, had m. p. 65°; it is not hygroscopic. 

A mixture of the NN-diethylaniline and N-ethylaniline salts gave a semi-solid material 
similar to that obtained on alkylation of aniline by means of ethyl] trifluoromethanesulphonate. 

Triethylamine trifluoromethanesulphonate (Found: C, 33-2; H, 6-1; N, 5-4. C-;H,,ONF,S 
requires C, 33-6; H, 6-4; N, 5-6%) is a hygroscopic solid, m. p. 41°. 

Trifluoromethanesulphonanilide.—Trifluoromethanesulphonyl chloride (1-0 mmole; prepared 
by reaction of trifluoromethanesulphonic acid monohydrate with a 200% excess of phosphorus 
pentachloride), anhydrous ether (10 ml.), and aniline (1-95 mmoles), reacted at room temperature 
during 4 hr. to give aniline hydrochloride and the ether-soluble trifluoromethanesulphonanilide 
(87%) (Found: C, 37-1; H, 2-7; N, 6-1%; equiv., 225. Calc. for C;H,O,NF;,S: C, 37-3; H, 
2-7; N, 6-2%; equiv., 225), m. p. 67° (from light petroleum). 

The acid fluoride (0-91 mmole), ether (10 ml.), and aniline (1-95 mmoles), heated at 80° for 
12 hr., gave trifluoromethanesulphonanilide (66%), m. p. 66—67°. 

The anhydride (2-01 mmoles), anhydrous ether (15 ml.), and aniline (0-99 mmole) at room 
temperature gave aniline trifluoromethanesulphonate (87%), insoluble in ether, and the éther- 
soluble trifluoromethanesulphonanilide (91%), m. p. 67-0—67-5°. 

Miscellaneous Reactions of Trifluoromethanesulphonic Acid Derivatives—(a) Trifluoro- 
methanesulphony! fluoride did not react with aluminium chloride (1-3 g.) or silver trifluoro- 
methanesulphonate in a sealed tube at 50° (2 days). 
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(6) Silver trifluoromethanesulphonate (5-0 g., 19 mmoles), mixed with dry powdered iodine 
(12-3 g., 90 mmoles) and heated first in an oil bath, later strongly with a free flame, in a flask 
connected to traps cooled in liquid oxygen, gave trifluoromethanesulphonic anhydride (0-11 g., 
4%) and trifluoroiodomethane (0-018 g., 0-5%) identified by infrared spectroscopy. A further 
quantity of trifluoromethanesulphonic anhydride remained in the reaction vessel. 

(¢) Sodium trifluoromethanesulphonate (0-21 g.) was unaffected at 350° for 2 hr., and only 
2% of the theoretical amount of fluoride was liberated after 2 hr. at 400°. Traces of water 
lower the temperature required for decomposition. A similar result was obtained with 
potassium trifluoromethanesulphonate. 

Sodium trifluoromethanesulphonate (0-90 g.) was unaffected by being heated with water at 
290° and liberated 5% of the theoretical amount of fluoride after 2 hr. at 350°. 

Thermal Stability of Ethyl Trifluoromethanesulphonate.—The ester (0-50 g.), heated in a 10 ml. 
sealed tube at 150° for 24 hr., became brown. Infrared spectroscopic examination of the 
volatile products showed that ethylene, ethyl trifluoromethanesulphonate, and ethyl ether were 
absent. The less-volatile products were distilled, to give trifluoromethanesulphonic acid 
(0-21 g., 50%), b. p. 69°/28 mm., identified by means of its aniline salt, and a dark brown residue 
(0-13 g.) which fumed in air and was shown to consist mainly of trifluoromethanesulphonic acid 
by conversion into its aniline salt. No unchanged ethyl trifluoromethanesulphonate was detected. 

O-Alkylation.—(a) Alkylation of methanol. Ethyl trifluoromethanesulphonate (0-89 g., 
5 mmoles) and anhydrous methanol (0-13 g., 4 mmoles) were heated in a 10 ml. sealed tube at 
100° for 16 hr. Distillation of the volatile product gave ethylene (30%) identified by means of 
its infrared spectrum. The residual liquid: was treated with water (2 ml.) and distillation 
in vacuo gave ethyl methyl ether (0-16 g., 65%) (Found: M, 59. Calc. for C,H,O: M, 60), 
identified spectroscopically. Yields are based on the ester taken. The reaction temperature 
used in this experiment was unnecessarily high, since in a qualitative experiment ethyl methyl 
ether was liberated at room temperature. 

(b) Reaction of methyl trifluoromethanesulphonate with ethyl ether. Methyl] trifluoromethane- 
sulphonate (1-87 g., 11 mmoles, freshly distilled from phosphoric anhydride), heated under reflux 
with anhydrous ethyl ether (10 ml.) in a 50 ml. flask, gave methy] trifluoromethanesulphonate 
(0-18 g., 10%), b. p. 99°, ethyl trifluoromethanesulphonate (1-30 g., 64%), b. p. 115°, and 
trifiuoromethanesulphonic acid (0-14 g.,8%). The identities of the first two compounds were 
confirmed by infrared spectroscopy and that of the acid by means of its aniline salt. 

In a second experiment, freshly dried and distilled methyl trifluoromethanesulphonate 
(1-328 g., 8 mmoles) and anhydrous ethyl ether (1-072 g., 14-5 mmoles) were condensed in vacuo 
into a 20 ml. tube which was then sealed and heated to 80° for 2hr. Distillation of the products 
in vacuo, molecular-weight determination, and infrared spectroscopy showed that the following 
were present: methyl trifluoromethanesulphonate (0-12 g., 9%), ethyl trifluoromethane- 
sulphonate (0-65 g., 45%), diethyl ether (0-56 g., 52%), and ethyl methyl ether (0-38 g., 78% 
yield based on the ester taken). In addition there was an unidentified fraction (0-33 g.); 
trifluoromethanesulphonic acid (0-045 g., 4%) remained as least volatile fraction, identified by 
means of its aniline salt. The above alkylation occurs at room temperature, and the yield is 
increased by less than 5% by heating at 80°. 

(c) Reaction of silver trifluoromethanesulphonate with methyl todide in ethyl ether. Silver 
trifluoromethanesulphonate (9-1 g., 35 mmoles), dried im vacuo over phosphoric anhydride, was 
suspended in anhydrous ethyl ether (50 ml.), then methyl iodide (6-0 g., 42 mmoles) was added 
with stirring. Precipitation of silver iodide occurred immediately and the reaction was complete 
at room temperature. Expulsion of ethyl methyl ether was ensured by heating on a water bath 
for 0-5 hr. Decantation of the ethereal solution from the silver iodide (8-3 g., 100%), and 
distillation, gave ethyl] trifluoromethanesulphonate (2-9 g., 46%) (Found: C, 20-0; H, 2-9. 
Calc. for C,H;O0,F,S: C, 20-2; H, 2-8%), b. p. 115°, with an infrared spectrum identical with 
that of the compound prepared by interaction of ethyl iodide and silver trifluoromethane- 
sulphonate. There was no indication of the presence of methy] trifluoromethanesulphonate. 

C-Alkylation.—A lkylation of benzene. Ethyl] trifluoromethanesulphonate (7-14 g., 40 mmoles) 
formed a colourless solution with anhydrous benzene (3-00 g., 39 mmoles) which became brown 
when heated under reflux for 8hr. Two layers separated on cooling. The lower layer consisted 
of trifluoromethanesulphonic acid, identified by means of its aniline salt, and the upper layer 
consisted of benzene and alkylated benzene. After addition of water (20 ml.) the whole was 
extracted with ether (200 ml.), and the ethereal extract was washed three times with water 
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(100 ml.) to remove trifluoromethanesulphonic acid. Distillation of the dried (Na,SO,) ethereal 
extract gave benzene (0-28 g., 9%), b. p. 80°, ethylbenzene (1-43 g., 35%) (Found: C, 90-4; H, 
9-9. Calc. for C,H,,: C, 90-6; H, 9-4%), b. p. 136°, diethylbenzene (1-0 g., 19%) (Found: C, 
89-3; H, 10-6. Calc. for C,,H,,: C, 89-6; H, 10°5%), b. p. 182°, and a residue (0-38 g.) which 
solidified. The last fraction showed a strong violet-blue fluorescence when dissolved in benzene; 
its ultraviolet and infrared spectra closely resembled those of 9 : 10-dimethylanthracene.'° 

N-Alkylation.—(a) Alkylation of diethylamine. Ethyl trifluoromethanesulphonate (6-00 g., 
33-7 mmoles) reacted vigorously with diethylamine (2-50 g., 33-8 mmoles), to give a viscous yellow 
liquid which crystallised at 0° overnight, to give triethylamine trifluoromethanesulphonate 
(8-4 g., 100%) (Found: C, 33-0; H, 6-0; N, 5-3. C,H, ,NO,F,S requires C, 33-6; H, 6-4; N, 
5-6%) as a white hygroscopic solid, m. p. 41°, identical with the salt prepared directly from 
trifluoromethanesulphonic acid. 

(b) Alkylation of aniline. Ethyl trifluoromethanesulphonate (0-54 g., 3 mmoles) reacted 
exothermically with aniline (0-28 g., 3 mmoles), to give a mixture (0-81 g.) of N-ethylaniline 
trifluoromethanesulphonate (90%) and NN-diethylaniline trifluoromethanesulphonate (10%). 
The mixture was analysed by infrared spectroscopy using pure specimens of the salts as reference 
compounds. 

Reaction of Trifluoromethanesulphonyl Fluoride with Methylmagnesium Iodide.—To methyl- 
magnesium iodide [from methyl iodide (18-6 g., 131 mmoles) and magnesium (3-2 g., 132 mmoles) ] 
in dry ether (25 ml.) was added trifluoromethanesulphonyl fluoride (10 g., 66 mmoles) and the 
sealed reaction tube was allowed to warm to room temperature. An immediate reaction 
occurred and white crystals were deposited. After 12 hr. at 20° distillation of the more volatile 
products gave only ether and unchanged trifluoromethanesulphony] fluoride (1-6 g., 16%). 
The material in the tube was dissolved in 25% aqueous sulphuric acid (30 ml.) and extracted 
with ether (11.). Iodine was removed by shaking the extract with silver powder, and the dried 
(Na,SO,) extract was distilled, to give methyl trifluoromethyl sulphone (1-0 g., 12%) (Found: 
C, 16-4; H, 1-9. C,H,O,F,S requires C, 16-2; H, 2-0%), b. p. 129°, and bis(trifluoromethane- 
sulphonyl)methane (0-54 g., 7%) (Found: C, 12-9; H, 0-7. C,;H,O,F,S, requires C, 12-9; H, 
0-7%), b. p. 90°/15 mm., m. p. 35° after sublimation in vacuo. 

Methy] trifluoromethy] sulphone is only slightly soluble in water at room temperature and 
gives an acid solution. Bis(trifluoromethanesulphonyl)methane is very soluble in water, giving 
an acid solution which can be titrated with dilute aqueous sodium hydroxide to phenol- 
phthalein (Found: equiv., 280. C,H,O,F,S, requires equiv., 280). 

Bis(trifluoromethanesulphonyl)methane (0-11 g.) was dissolved in water (6 ml.) and neutral- 
ised with solid sodium carbonate. Evaporation to dryness and ether-extraction (200 ml.), 
followed by evaporation to dryness of the dried extract, gave the sodium salt (0-12 g., 99%) 
(Found: C, 12-2; H, 0-6; F, 37-3; S, 21-2%; M, 306. C,HO,F,S,Na requires C, 11-9; H, 
0-3; F, 37-8; S, 21-2%; M, 302), m. p. 257°. The molecular weight was determined 
cryoscopically in acetone. The sodium salt is very soluble in water, giving a neutral solution, 
is soluble in ethanol or acetone, less soluble in ether, slightly soluble in benzene and chloroform, 
and insoluble in light petroleum or carbon tetrachloride. 

The silver salt (Found: Ag, 27-6. C,HO,F,S,Ag requires Ag, 27-9%) was similarly prepared 
by neutralisation of bis(trifluoromethanesulphonyl)methane (0-20 g.) in water (10 ml.) with solid 
silver carbonate. The salt, obtained quantitatively, had m. p. >360° and was readily soluble 
in water, acetone, ethanol, ether, and benzene. 

Reaction of Trifluoromethanesulphonyl Fluoride with Methylmagnesium Bromide.—Magnesium 
(3-2 g., 132 mmoles), methyl bromide (12-5 g., 132 mmoles), and ether (50 ml.) were allowed to 
react in a 250 ml. autoclave, then trifluoromethanesulphony]l fluoride (10-0 g., 66 mmoles) was 
introduced. After 12 hr. at 20°, distillation of the more volatile products gave unchanged 
trifluoromethanesulphony] fluoride (1-1 g., 11%). Water (15 ml.) was added to the autoclave 
and the aqueous solution was extracted with ether (1 1.); the ethereal extract, dried (Na,SO,) 
and then evaporated to dryness, gave the sodium salt (CF,-SO,),CHNa (4-8 g., 55%) (Found: 
Na, 7-6. Calc. for C,HO,F,S,Na: Na, 7-6%), m. p. 257°, identified spectroscopically. 

A similar result was obtained by reaction of methylmagnesium bromide (from 12-5 g. of 
methyl bromide) and trifluoromethanesulphony] fluoride (10-0 g:) in a 100 ml. sealed tube. 
The sodium salt was isolated in 64% yield (5-0 g.). 

Infrared Spectra.—The following spectra were recorded on a Perkin-Elmer Model 21 Spectro- 
photometer with sodium chloride optics. 
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CF,°SO,-H,O*: Film on rock salt plate; some reaction with plate probable. 2-89 (m), 5-8(w), 
6-12 (w), 7-68, 7-82, 8-00 (s. triplet), 8-43, 8-60 (s. doublet), 9-50, 9-64, 9-69 (m. triplet), 13-05 u (w). 
CFySO,;”-PhNH,*: Mulls in Nujol and hexachlorobutadiene. 3-30 (s. broad), 3-78 (m), 
6-10, 6-29 (w. doublet), 6-50 (w), 6-67 (w), 6-80 (w), 7-80 (s), 8-10, 8-21 (s. doublet), 8-38 (w), 
8-55 (s), 8-65 (s), 8-80 (w), 9-60 (s), 9-75 (w), 13-10 (m), 13-45 (s), 14-57 u (s). 

CF,°SO,- PhNH,Et*: eae in Nujol and hexachlorobutadiene. 3-15, 3-35, 3-60 (s. triplet), 
6-24, 6-30 (w. doublet), 6-67 (w), 6-89 (w), 7-05 (w), 7-21 (w), 7-9, 8-2 (s. broad doublet), 8-57 (s), 
9-10 (m), 9-67, 9-7 (s. doub An, 10-92 (w), 11-25 (w), 11-45 (w), 12-75 (m), 13-15 (m), 13-38 (s), 
14-55 wu (s). 

CF,*SO,-PhNHEt,*: Mulls in Nujol and hexachlorobutadiene. 3-32, 3-37 (w . doublet), 
3-65, 3-73 (w. doublet), 6-24 (w), 6-70 (m), 6-79 (m), 6-89 (m), 7-0 (w), 7-21 (m ) 7-80 (s), 810, 
8-19 (s. doublet), 8-60 (s), 9-25 (w), 9-46 (w), 9-74 (s), 11-88 (m), 13. 1(m ‘ 

CF,°SO,-Et,NH*: Mulls in Nujol and hexachlorobutadiene. 3-27 
7-14 (w), 7-80, 8-04, 8-16 (s. triplet), 8-63 (s), 9-70 (s), 11-90 (w), 13-1 

CF,°SO,°CH,: Liquid film. . 3-32 (m), 3-42 (m), 7-10 (m), 7-36 ( 
8-35 (s. doublet), 8-90 (s), 10-45 (s), 12-80 (s), 13-52 u 

(CF,°SO,),CH,: Solid film. 3-35 (m), 3-43 (m), 7 
side band), 9. 00 (s), 12-85, 12-92 (m. doublet), 13-45 (m 

(CF,°SO,),;CHNa: Nujol mull. 3-27 (w), 7-56, 7-66 
9-13 (m). 10-20 (s), 11-83 (s), 15-17 u (s). 

(CF,°SO,),;CHAg: Nujol mull. 3-34, 3-43 (m. doublet), 7-45 (s), 7-58 (s), 8-26, 8-36 (s. 
doublet), 8-88 (m), 9-08 (m), 11-24 (m), 12-87 (w), 14-35 u (s). 

(CF,°SO,),0: Liquid film. 6-80, 6-85 (s. doublet), 8-07 (s), 8-84 (s), 12-66 (s), 13-51 (s), 
14-20 u (w). 


(s). 
15 (s), 7-36 (s), 7-64 (w), 8-20 (s), 8-32 (m 
), 13-70 u (m). 

(s. doublet), 8-15 (w), 8-36 (s), 8-81 (m), 


Ss strong; m = medium; w = weak. 


A recent patent ?* reports the following compounds without analytical data: (CF,°SO,),0 
b. p. 80-5°; CF,°SO,H,Ph-NH,, m. p. 250—255°; CF,°-SO,*-NHPh, m. p. 65—66°. 
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807. Pristimerin. Part I. The Nature of the Chromophore. 
By P. K. Grant and A. W. JOHNSON. 


The partial structure (V) is suggested for the wood pigments, pristimerin 
and celastrol. Structures are also proposed for dihydropristimerin (pristi- 
merol), as well as an oxidation product of pristimerol dimethyl ether and the 
products obtained from pristimerin by Thiele acetylation and by acid 
rearrangement. The naphthalenoid systems present in the last two com- 
pounds are not identical; both are built up from the original quinonoid ring 
but by extensions involving different adjacent rings. 


PRISTIMERIN is an orange crystalline compound, first isolated from Pristimera indica (Wild) 
(Hippocratea indica) and from P. grahami of the family Celastraceae, by Bhatnagar and 
Divekar ! who claimed that it was active against Gram-positive organisms and the Viridans 
group of streptococci. A closely related eompound, celastrol, was isolated from the root 
bark of Celastrus scandens *-3 and is identical with tripterine, obtained * from the powdered 

1 Bhatnagar and Divekar, J. Sci. Ind. Res., India, 1951, 10, B, 56. 

8 — J. Amer. Pharm. Assoc., (a) 1939, 28, 440; (b) 1940, 29, 12; (c) ibid., p. 432; (d) 1942, 
i : "Chou and Mei, Chinese J. Physiol., 1936, 10, 529. 

4 Schechter and Haller, J. Amer. Chem. Soc., 1942, 64, 182. 
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roots of the thunder-god vine, Tripterygium wilfordit, Hook (Celastraceae). The structures 
of these two compounds, pristimerin and celastrol, are closely related, and we have confirmed 
that methylation of celastrol with diazomethane gave the corresponding methyl ether 
(acid OH —» OMe) which is identical with pristimerin.>® We have isolated pristimerin 
from the outer root barks of Celastrus dispermus and Denhamia pittosporoides (Celastraceae) 
kindly obtained for us by Professor Sir Alexander Todd and members of C.S.I.R.O., 
Melbourne. Counter-current distribution was used for the purification of the pigment; 
chromatography was largely unsuccessful because of “ lake ’’ formation between the pig- 
ments and the adsorbent. 

Repeated analyses of pristimerin have given results which correspond to the molecular 
formula CygH yO, (and therefore CygH gO, for celastrol) in agreement with the latest views 
of Kamat et al.? and Nakanishi e¢ al. The molecule contains one O-methyl group, at 
least two C-methyl groups, and one active hydrogen atom. Shah, Kulkarni, and Thakore ® 
favour a formula C,,H,0, for pristimerin and Gisvold ? preferred C,H 90g for celastrol. 

Most of the chemical work so far reported for these substances has dealt with the nature 
of the chromophores, and all previous workers agree that both pristimerin and celastrol are 
o-quinones containing a hydroxyl group which is hydrogen-bonded with one of the quinone 
carbonyl groups. Such a structure is stated to be compatible with the results of 
preliminary X-ray studies.1° The oxygenated-carotenoid type of structure advanced by 
Kamat, Fernandes, and Bhatnagar ? can be discounted on many grounds, especially spectral 
characteristics and quantitative hydrogenation (see below). 

Three variants of the feri-hydroxy-o-quinonoid chromophore have been suggested: 
(I) 2244.11 (IT) ®, and (III)*8; the underlying evidence is (i) the hydrogenation of 
pristimerin to a dihydro-derivative, pristimerol, which is a dihydric phenol (diacetate, 
di-p-nitrobenzoate, dimethyl ether) and re-forms pristimerin after aerial oxidation, (ii) the 
decolorisation of pristimerin by solutions of sodium hydrogen sulphite, (iii) the formation 
of a boroacetate (Dimroth test),}2 and (iv) a resemblance between the shape of the ultra- 
violet and the visible absorption curve (Fig. 1) and those of typical o-quinones. We have 
confirmed that pristimerin gives an intense olive-green ferric reaction. It is insoluble in 
aqueous sodium hydroxide but in alcoholic solution gives a strong crimson colour which 
fades rapidly on dilution. Pristimerin is insoluble in aqueous acids but a deep red colour 
develops when it is dissolved in concentrated sulphuric acid. It gives a colourless adduct 
with an alcoholic solution of sodium hydrogen sulphite but fails to give a positive Craven 
reaction 1% or colour tests with indole or ethylenediamine ™ for benzoquinones or «- or 
8-naphthaquinones. 

Pristimerol, Cy39H,,O, (1 OMe; 2 OH), and its dimethyl ether, C,,H,,O, (3 OMe) 
(formed by reductive methylation of pristimerin), each show a single band in the ultra- 
violet absorption spectrum, max. at 284 my (log « 3-49) and 281-5 my (log ¢ 3-33) respec- 
tively. These spectra are characteristic of monocyclic phenols or their ethers rather than 
naphthols, and accordingly structure (I) can be excluded. Likewise structure (IT), which 
should give rise to a dihydroxymethoxyacetophenone on reduction, can be discounted in 
the light of the spectrum of o-hydroxyacetophenone 15 [max. at 327 and 251 my (log ¢ 3-50 
and 3-97) in EtOH]. Many features of the spectra of pristimerin cannot be correlated 
with the Japanese structure (III). Thus, although the shape of the ultraviolet and visible 


Kulkarni and Shah, Nature, 1954, 173, 1237. 

Nakanishi, Kakisawa, and Hirata, ]. Amer. Chem. Soc., 1955, 77, 3169, 6729. 
Kamat, Fernandes, and Bhatnagar, J. Sci. Ind. Res., India, 1955, 14, C, 1. 
Nakanishi, Kakisawa, and Hirata, Bull. Chem. Soc. Japan, 1956, 29, 7. 
Shah, Kulkarni, and Thakore, J., 1955, 2515. 

1° Carlisle and Ehrenberg, Acta Cryst., 1956, 9, 823. 

™ Fieser and Jones, J. Amer. Pharm. Assoc., 1942, $1, 315. 

12 Dimroth and Faust, Ber., 1921, 54, 3020. 

13 Craven, J., 1931, 1605. 

‘ Karius and Mapstone, Chem. and Ind., 1956, 266. 

*8 Morton and Stubbs, /J., 1940, 1351. 
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spectrum resembles that of a substituted o-benzoquinone, the intensity of the visible band 
at 420—430 mz is greater than those of the quinones ?¢ by a factor of nearly ten. More- 
over, the o-quinonoid system (III), which contains one non-bonded quinonoid-carbonyl 
group, would be expected to show absorption in the region of 1664 cm.,!? but in fact 
pristimerin in solution shows strong bands at 1720 and at 1586 cm.“ and no intermediate 
bands are present. In celastrol, the corresponding bands are at 1712 and 1595cm.. The 
difficulty of reconciling the position of these bands with structure (III) was recognised by 
Nakanishi e¢ al. who admitted that the “‘ bands in the 6 p region are as yet not completely 


Fic. 2. Absorption spectra of (A) the 
acid-rearrangement product and (B) 
the Thiele acetylation product of 
pristimerin, in 95% EtOH. 





Fic. 1. Absorption spectra of (A) pristimerin 
and (B) celastrol in 95% EtOH. 48r 
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interpretable.’ Moreover, pristimerol, which contains an unreactive carbonyl group, was 
formulated as (IV) by these authors so that the same oxygen function was represented as 
an enol in pristimerin and a ketone in pristimerol and the band at 1720 cm.~ was associated 
with the quinonoid-carbonyl group in pristimerin whereas another at 1705 cm." in 
pristimerol or 1724 cm.~ in pristimerol dimethyl ether was attributed to the inert ketone. 


° 
HO 
O on o 9 HO 
fe) ° ° 
HO 
a? MeO MeO 
(I) 


° 
MeO (II) (1) (IV) 


It is probable that these bands at ca. 1720 cm.“ are all associated with the inert carbonyl 
group and that in pristimerol it is hydrogen-bonded with one of the hydroxyl groups. In 
accordance with this view, pristimerin shows a weak band at 3320 cm.*! (bonded OH) in 

16 Smith, Irwin, and Ungnade, J. Amer. Chem. Soc., 1939, 61, 2424; Mason, ibid., 1948, 70, 138; 


Nakagura and Kuboyana, ibid., 1954, 76, 1004. 
17 Otting and Staiger, Chem. Ber., 1955, 88, 828. 
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the 3 u region of the spectrum and pristimerol shows two bands at 3350 (bonded OH) and 
3580 cm. (OH). 

The interpretation of the spectra has led us to abandon the earlier quinonoid structures 
for pristimerin and in the light of the properties of the derived compounds we propose (V) 
as the structure of the pristimerin chromophore. The more important reactions of 
pristimerin are summarised below. 


AcOH 


on (IX) 


(VI; R=H) 





(VII) 
Reagents: I, H,; 2, H,-Me,SO,; 3, KMnO,; 4, H,SO,; 5, H,SO,-Ac,O. 


The proposed structure for pristimerin (V) is a hydroxy-substituted methylenequinone, 
and pristimerol is therefore represented as a catechol. This is in accord with the observed 
ultraviolet absorption spectrum of pristimerol, the single absorption maximum rather than 
a doublet 18 being attributed to a high degree of substitution in the ring. The ultraviolet 
absorption characteristics of substituted catechols and their methyl ethers are not 
sufficiently specific to indicate a 5: 6:7: 8-tetrahydro-l : 2 : 3-trimethoxynaphthalene 
structure for pristimerol dimethyl ether as claimed, on the basis of this property only by the 
Japanese authors.*® Evidence to be presented below makes it clear that the methoxy- 
group of pristimerin cannot be a substituent of the quinonoid ring. There is other evidence 
to support the view that pristimerol is a substituted catechol. It gives a green ferric 
reaction and a positive Asahina reaction,!® and in alkaline solution it darkens rapidly as 
oxidation proceeds, to re-form pristimerin; the presence of borate retards pristimerol in 
chromatography on borate-treated paper 7° and the infrared spectrum of the diacetate 
shows a single band at 1773 cm. (carbonyl of aromatic acetate) as well as the band at 
1736 cm.-! (inert ketone group). 

A negative Gibbs test 2! suggests that both positions para to the hydroxyl groups are 
substituted, as in (VI), but the fact that pristimerol couples with -sulphobenzenedi- 
azonium salts § indicates that the sixth position in the catechol ring is unsubstituted. This 
eliminates an o-methylenequinone structure such as (X) for pristimerin, which would then 
give a fully substituted catechol on reduction. . 


18 Adams, Cain, and Wolff, ]. Amer. Chem. Soc., 1940, 62, 732. 

1® Asahina, Asano, and Ueno, Bull. Chem. Soc. Japan, 1942, 17, 105. 
2° Swain, Biochem. J., 1953, 58, 200. 

21 King, King, and Manning, J., 1957, 563. 





rw wa te SC 


Ce 





[1957] Pristimerin. Part I. 4083 


The maximum in the absorption spectrum of pristimerin in the visible region 
[420—425 my (log « 4-1)] is at an appreciably higher wavelength than those of 
simple -methylenequinones, e.g., citrinin ** (XI) [333 my (log ¢ 3-92)] and fuscin ** (XII) 
[355 my (log ¢ 4-44)], and the chromophore has therefore been extended by an additional 
double bond in pristimerin (V). For comparison, hematein (XIII) absorbs at 430 mp 
(log ¢ 4-60). If pristimerin is indeed pentacyclic as is suggested by the isolation of an 
alkylpicene after zinc dust distillation § then, when oxygen functions are ascribed to two 





O O CO,H e OH Me 
OH 
OH 
Oo 
S 
Me Oo 
Me 
(X) (XI) (XID 


carbonyl groups and one hydroxyl and one methoxyl group, the molecule must contain 
four double bonds on the basis of the formula Cy9H4)0,. 

The dihydro-compound, pristimerol, is formulated as (VI; R =H) in which the 
additional double bond is not conjugated with the benzenoid ring in accordance with the 
ultraviolet absorption spectra, which are distinct from those of substituted styrenes ?5 and 
of pristimerol and its derivatives. Pristimerol dimethyl ether gives a positive test for 
unsaturation with tetranitromethane. 

Most of the known methylenequinones contain an oxygen function at the end of the 
conjugated system remote from the diunsaturated carbonyl group, e.g., fuscin (XII) 


OH 


re) 
Me 


OH OH 
(XIV) 





(X11) 


contains another carbonyl group, and citrinin (XI), purpurogenone 2° (XIV), hzmatein 27 
(XIII) and the closely related brazilein contain a cyclic ethereal oxygen atom. This 
feature, which isolates the chromophore from labile hydrogen atoms and prevents a 
tautomeric rearrangement of the colouring matter to a phenol, is not contained in the 
proposed chromophore (V) of pristimerin. It has been assumed therefore that neither of 
the carbon atoms terminating the chromophoric system bears a hydrogen atom, which is 
in accord with the observation that pristimerol shows no tendency to oxidise to a naphth- 
alene derivative. The stability gained by structure (V) by hydrogen bonding between the 
diunsaturated carbonyl and the hydroxyl group as well as from the incorporation of the 
additional double bond into the conjugated system presumably accounts for re-oxidation of 
pristimerol to (V) rather than to the corresponding o-quinone. 

The infrared spectrum of pristimerin gives evidence of the bonded hydroxyl group 


#2 Brown, Robertson, Whalley and Cartwright, J., 1949, 867. 
#3 Barton and Hendrickson, /., 1956, 1028. 

*4 Cooke and Segal, Austral. J. Chem., 1955, 8, 107. 

25 Braude, Jones, and Stern, J., 1947, 1087. 

26 Roberts, Chem. Soc. Special Publ., 1956, No. 5, 36. 

27 Engels, Perkin, and Robinson, J., 1908, 98, 1115. 
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(weak band at 3320 cm.-') together with intense bands at 1586 and at 1720 cm.-} (in chloro- 
form solution). The last band is retained in pristimerol and its derivatives and is ascribed 
to the inert carbonyl group, and hence the 1586 cm. band, although very low for 
a carbonyl grouping, must represent the diunsaturated carbonyl group of the chromophore. 
For comparison, the similar group of fuscin 2° absorbs at 1638 cm.-', citrinin at 1633 cm.-, 
purpurogenone *6 at 1618 cm.-, tropolone 78 at 1615 cm.-', certain substituted tropolones,?® 
e.g., puberulic acid and nootkatin, at 1595 cm.-!, and hematein at 1595 cm.-*. Such a low 
carbonyl frequency is often indicative of an enolisable 8-diketone system but this could not 
give rise to a catechol after reduction. The low frequency of the carbonyl absorption of 
pristimerin is attributed partly to the fact that it is incorporated in a large rigid structure 
and partly to the strong hydrogen-bonding which exists between this carbonyl and the 
hydroxyl group. This is shown by the formation of a series of chelated metallic derivatives, 
e.g., With copper, nickel, and aluminium, from pristimerin. The copper compound, which 
is soluble in organic solvents, shows a new absorption band in the visible spectrum near 
530 my and in the infrared region it no longer shows strong absorption at 1586 cm. but 
instead there appears a new intense band at 1532 cm.“ and the absorption at 1723 cm. 
associated with the inert carbonyl group is unaffected. In this connection, in view of the 
position of absorption of the corresponding 11-keto-group in the steroid series *® (1710— 
1716 cm.*! in carbon disulphide; 1703 cm.“ in chloroform) and that of the 11-keto-group 
(contained in a five-membered ring) in certain derivatives of jervine *! (ca. 1727 cm. 
instead of 1745 cm. for the cyclopentanone-carbonyl group), we agree with the Japanese 
authors ® § that the inert ketone group of pristimerin is probably contained in a five- 
membered ring. Further evidence bearing on this point is adduced below. 


© ° 






MeO 


MeO MeO 
OH ad 


OH 


(XV) (VII) 

Evidence to support the existence of a non-conjugated double bond in the position 
shown in pristimerol and its derivatives (VI) has been obtained from the oxidation of the 
dimethyl ether (VI; R = Me) with potassium permanganate in acetone. Pristimerol 
dimethyl ether, C;,H,,0,, contains three methoxyl groups and the inert carbonyl group 
(infrared band at 1724 cm."). From the oxidation there was obtained a colourless 
crystalline neutral product, C,,H,,0;, which showed maxima at 301 and 249 my (log 
e 4-01 and 4-16 respectively) and still contained the three methoxyl groups and the inert 
carbonyl group (band at 1723 cm.) as well as a new carbonyl group (infrared band at 
1643 cm.!)._ The oxidation product formed a 2 : 4-dinitrophenylhydrazone by the condens- 
ation with the new carbonyl group, for the infrared spectrum of the derivative still showed 
a strong band (1732 cm.~!) corresponding to the inert ketone although the 1643 cm.*! band 
had now disappeared. The ultraviolet and visible absorption spectrum of the 2: 4<di- 
nitrophenylhydrazone showed bands at 404—405 (log « 4-48) and 258—261 (log « 4-29), 
which suggested that the active carbonyl group of the parent ketone was conjugated to a 
benzene ring through two double bonds.*2 However as the effect of a -methoxy-group is 


28 Koch, J., 1951, 512. 
Aulin-Erdtman and Theorell, Acta Chem. Scand., 1950, 4, 1490. 
Jones, Humphries, and Dobriner, J. Amer. Chem. Soc., 1949, '71, 241; Cole and Thornton, J., 1956, 


Wintersteiner, Moore, and Iselin, J. Amer. Chem. Soc., 1954, 76, 5609. 
Dr. C. J. Timmons, personal communication. 
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known * to be roughly equivalent to one conjugated double bond the chromophore can be 
modified to #-MeO-C,H,°C:C-CO-, a view which is substantiated by the ultraviolet 
absorption of the ketone itself. For comparison, /-methoxybenzylideneacetone ** shows 
maxima at 318 and 232 my (log « 4:39 and 4-02). The position of absorption of the 
carbonyl group of benzylideneacetone ™ is at 1666 cm.! but this would be lowered in 
presence of the p-methoxy-group.*® 

It is suggested that this oxidation involves hydroxylation of the isolated double bond 
to yield the diol (XV), and the oxidation product is represented, provisionally, as (VII); 
its failure to absorb hydrogen in the presence of Adams catalyst is attributed to steric 
hindrance. One of the hydroxyl groups so introduced now forms part of an aldol system 
involving the inert ketone group; thus, by the operation of a reverse aldol reaction a new 
carbonyl group can be obtained, which, after a dehydration involving the second hydroxyl 
group, is conjugated with the aromatic ring through a double bond. 

One of the characteristic properties of the methylenequinones is the ability to rearrange 
in the presence of acids, bases, and certain other reagents, to yield substituted phenols. 
When pristimerin was heated with dilute sulphuric acid it gave a colourless dihydric 
phenol, C39HyO,, which contained one methoxyl group and gave a blue-green ferric 
reaction, but failed to react with 2: 4-dinitrophenylhydrazine. The infrared spectrum 
showed bands at 3525 (OH), 3260 (bonded OH), and 1684 cm."! (inert C:O) and this com- 
pound is the only derivative of pristimerin encountered where the frequency associated 
with the inert carbonyl group is appreciably changed from 1720 cm. apart from intra- 
molecular hydrogen-bonding effects which reduce the frequency to 1710—1715 cm."} (in 
CHCIl,). The band at 1684 cm.~! suggested that the carbonyl group was conjugated with a 
double bond or with an aromatic ring and this view was substantiated by the ultraviolet 
absorption spectrum [max. at 333, 317, 294, and 238 my (log ¢« 3-49, 3-46, 3-85, and 4-73 
respectively)| (Fig. 2), which supported the view that the ketone was conjugated with a 
naphthalene ring.**-3 The ferric reaction and the retardation of the compound in the 
presence of borate during chromatography on paper suggested that the compound was an 
o-dihydroxynaphthalene. Like pristimerol the product coupled with diazotised sulphanilic 
acid, indicating that there was an unsubstituted position in the phenolic ring. It was also 
of interest that, whereas an alkaline solution of pristimerol darkened rapidly in air, the acid 
rearrangement product, containing the 1: 2-naphthalenediol rather than the catechol 
system, was stable in alkaline solution. The formation of the naphthalene ring in a 
position such that it is conjugated with the inert carbonyl group, must involve the migration 
of the angular methoxyl or methyl group. In the former case, the rearrangement would 
involve an anionotropic shift and in the latter, a double Wagner—Meerwein shift. 


° 12) 


Me 
HO 





The Japanese claim § to have obtained pristimerol by the action of ethanolic hydro- 
chloric acid on pristimerin was based on an intermolecular oxidation-reduction but this 
result is in need of confirmation. Models of the substance (VIII) show that there is 
considerable steric hindrance between the two oxygen atoms of the bonded hydroxyl and 

33 Wilds, Beck, Close, Djerassi, Johnson, Johnson, and Shunk, J]. Amer. Chem. Soc., 1947, 69, 1985 

34 Shigorin, Doklady Akad. Nauk S.S.S.R., 1954, 769; Chem. Abs., 1954, 48, 11,191. 


35 Soloway and Friess, ]. Amer. Chem. Soc., 1951, 78, 5000. 
36 Daglish, ibid., 1950, 72, 4859. 
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the carbonyl group. The strain is diminished when the ketone is part of a five-membered 
rather than a six-membered ring and this observation supports the spectral evidence quoted 
earlier which bears on this point. 

When pristimerin was treated with sulphuric acid and acetic anhydride under Thiele 
conditions, a colourless acetyl derivative, C3,H,,0,, was obtained which contained two 
aromatic acetate groups. The infrared spectrum showed principal bands at 1776 (aromatic 
acetate-carbonyl) and 1729 cm. (inert ketone) and the ultraviolet absorption [max. at 
326, 289, and 233 mu (log « 3-04, 3-90, and 4-87 respectively)] (Fig. 2) once again suggested 
a naphthalene ring,*’ as it is known *8 that the presence of aromatic acetoxy-groups does 
not affect the shape of the ultraviolet absorption curve of the parent hydrocarbon. How- 
ever, the frequency of the absorption associated with the inert carbonyl function showed 
that this group was not in conjugation with the naphthalene ring system, as it had been in 
the acid rearrangement product (VIII), and, as the original methylenequinone had clearly 
been converted into the diacetate of a dihydric phenol another ring has been added to the 
chromophore as in (V). This ring system is preferred to the alternative (XVI) on the 
grounds that the formulation of pristimerol (VI; R = H) corresponding to (V), as well as 
the acid réarrangement product (VIII), implies still one unsubstituted position in the 
catechol ring to allow for the coupling reactions. Several examples have been quoted %° 
where the product from a dienone—phenol rearrangement is controlled by the choice of 
aqueous acid or acetic anhydride as the reaction medium, and in this case the Thiele 
reaction is visualised as proceeding through the intermediate (XVII), followed by 
loss of acetic acid and rearrangement of the vinyldihydronaphthalene system to a 


naphthalene (IX). 
° 
> 2 Cae 
AcO AcO = 
S ees 
OAc wo ay, 
(XVII) (IX) 


It is of interest that the perinaphthenone nucleus has been identified recently * in a 
group of mould pigments, as well as in hemocorin™ from the roots of Haemodorum 
corymbosum. The ring system as now represented is not consistent with the formation of 
an alkylpicene after fusion with zinc,* § but in view of the drastic experimental conditions 
and the low yield (3 mg. from 600 mg. of pristimerin) a skeletal rearrangement to a wholly 
aromatic ring system is a reasonable supposition. 

A discussion of other reactions supporting the formulation (V) for the pristimerin 
chromophore as well as a consideration of the position of the methoxyl group will be 
presented in a later paper. 





EXPERIMENTAL 


M. p.s are corrected. Counter-current separations were carried out in an automatic machine 
with equal 20 c.c. volumes for the two phases. Distribution constants (AK) were calculated 
from the equation K = frmax./(m — Ymax.), Where 7max. = number of tube containing the highest 
concentration of solute and » = number of transfers. 


37 Ruzicka, Schinz, and Miiller, Helv. Chim. Acta, 1944, 27, 195. 

38 Brockmann and Budde, Chem. Ber., 1953, 86, 432. 

3® Dreiding, Pummer, and Tomasewski, J. Amer. Chem. Soc., 1953, 75, 3159; Goodwin and Witkop, 
ibid., 1957, 79, 179. 

*@ Barton, de Mayo, Morrison, Schaeppi, and Raistrick, Chem. and Ind. 1956, 552; Neill and 
Raistrick, Biochem. J., 1957, 65, 166. 
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Isolation of Pristimerin.—The yellow outer bark (100 g.) of Celastrus dispermus was removed, 
ground, and continuously extracted (Soxhlet) with light petroleum (b. p. 60—80°) until no 
further coloured product was extracted (20 hr.). The solvent was removed from the orange 
extract under reduced pressure and the crude extract (10 g.) treated with methanol: a colourless 
solid (0-5 g.) was precipitated, the removal of which greatly increased the efficiency of the 
subsequent counter-current separation. Repeated recrystallisation of the precipitate from 
methanol gave colourless crystals, m. p. 197° (Found: C, 79-4; H, 9-85. C, 9H ;,O, requires 
C, 79-4; H, 10-0%). The product was probably a diterpene. 

Chromatography of a benzene solution of the crude pigment extract on alumina, magnesium 
carbonate, or magnesium oxide was unsuccessful. 

Preliminary determination of distribution coefficients on the crude extract showed that a 
cyclohexane—85% aqueous methanol system gave an equal colour distribution but the system 
used in the actual isolation, cyclohexane-95% aqueous methanol, gave a more equal weight 
distribution (K 0-95). To suppress emulsification and increase the settling rate, sodium chloride 
(1 g./l. of lower phase) was added. In a counter-current distribution of the extract (4 g.) 
contained in three tubes, 98 transfers were carried out. The contents of each tube were evapor- 
ated to dryness under reduced pressure and the organic materials separated from the sodium 
chloride by ether. The ethereal extracts were evaporated to dryness and weighed and a graph 
of weight versus tube number was constructed. Peaks appeared at tube numbers 3, 6—8, 
39—42, 69—71, and 87—-92. The contents of tubes 65—76 inclusive crystallised to give a 
further quantity (600 mg.) of the diterpene, m. p. 197°. The contents of tubes 31—48 inclusive 
(K 0-7) also crystallised, and repeated recrystallisation from ether-—light petroleum (b. p. 60— 
80°) gave orange needles (150 mg., 0-37%) of pristimerin, m. p. 219—220° (Found: C, 77-5, 
77-6, 77-6, 77-2; H, 8-5, 8-9, 8-45, 8-8; OMe, 8-5, 8-55; C-Me, 6-45; active H, 0-13, 0-38. Calc. 
for C,5H,,O,: C, 77-55; H, 8-7; 1OMe, 6-7; 2C-Me, 7-3; l active H, 0-21%). Light absorption: 
Amax. 420—425 muy, log ¢ 4:10; Ajng, 335—340 and 251—253 muy, log ¢ 3-43, 3-95; Amin, 291— 
293 mu, log e 3-13 (Fig. 1). Infrared spectrum (Nujol): max. at 3320 w, 1724 s (1721 in 
CHCI,), 1654 w, 1586 s, 1547, 1517, 1300 s, 1243 w 1218, 1204, 1185, 1152, 1140, 1082 s, 1030, 
867, 860, 848, and 770 w cm."!. 

Metal Chelates of Pristimerin.—A solution of pristimerin (50 mg.) in ether (25 c.c.) was 
shaken with a large excess of saturated aqueous copper acetate for 2 hr. Evaporation of the 
ethereal layer gave the deep green copper chelate compound of pristimerin (55 mg.). Infrared 
absorption (Nujol): 1723 s, 1602 w, 1581 w, 1532 s, 1323 w, 1289 s, 1240 s, 1220, 1205, 1139, 
1087, and 817 cm."!. 

Conversion of Celastrol into Pristimerin.® *—Treatment of celastrol with an excess of ethereal 
diazomethane and recrystallisation from ether gave orange needles, m. p., alone and mixed with 
pristimerin, 219°. 

Molecular-weight Determination.—In a microhydrogenation apparatus, pristimerin (29-9 mg.) 
in dioxan (20 c.c.) in the presence of reduced Adams catalyst (10 mg.) absorbed 1-67 c.c. of 
hydrogen at 19-5°/766 mm., equivalent to M 426 for pristimerin (1 mol. of hydrogen). A second 
determination gave M 440. Aerial oxidation converted the reduced compound (pristimerol) 
into pristimerin (m. p. and mixed m. p. 219°) but there was also obtained a small quantity 
(ca. 2 mg.) of unidentified colourless material. 

Pristimerol (Dihydropristimerin).—Potassium borohydride was added to a solution of pristi- 
merin (70 mg.) in ethanol (2 c.c.). When the colour of the solution had been discharged, 50% 
acetic acid was added to destroy the excess of potassium borohydride. Sufficient warm water 
was added to the boiling ethanolic solution to produce a slight turbidity and, on cooling, 
pristimerol crystallised. Recrystallisation from light petroleum (b. p. 40—60°) or aqueous 
ethanol gave colourless needles (40 mg.) of pristimerol, m. p. 226—227° (lit.,* 234—235°, 241°) 
(Found: C, 77-4, 77-15; H, 9-3, 9-25. Calc for C;)H,,0,: C, 77-21; H, 9-1%), Amax, 284 my 
(log ¢ 3-45), Amin, 251—253 my (log ¢ 2-62). Infrared absorption (Nujol): 3540, 3340 s, 1696 s 
(1720 in CHCI,), 1620, 1508, 1341, 1286 s, 1220 s, 1170, 1112, 1086, 1035, 1017, 998, 879, and 
854 cm.-!. Paper chromatography with the butan-l-ol—-water system: (i) on Whatman No. 1 
paper, Ry 0-88; (ii) on Whatman No. 1 borate-buffered paper, Ry 0-73. Pristimerol was 
detected on the paper by a tetrazotised benzidine spray. 

Reductive Acetylation of Pristimerin (Diacetyldihydropristimerin : Diacetylpristimerol).— 
Pristimerin (200 mg.), zinc dust (700 mg.), and anhydrous sodium acetate (35 mg.) were 
suspended in acetic anhydride (5 c.c.) and glacial acetic acid (1 c.c.). The mixture was gently 
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heated under reflux for } hr., during which the colour was discharged. The solution was 
separated from the excess of zinc, and the filtrate poured into ice-water (150 c.c.). The white 
precipitate was separated and after repeated recrystallisation from chloroform—methanol 
formed colourless needles (180 mg.) of diacetyldihydropristimerin, m. p. 252° (lit.,* 252°) (Found : 
C, 73-9, 73-7; H, 8-0, 8-0; Ac, 15-0, 15-6; OMe, 7-85. Calc. for C,;,H,,O,: C, 74:15; H, 8-4; 
2Ac, 15-6; 1lOMe, 5-63%), Aing, 274—276 and 264—268 mu (log <« 2-67 and 2-78). Infrared 
absorption (Nujol): 1773s 1736s (1723 in CHCl,), 1600, 1299 s, 1239 s, 1220s, 1186, 1156, 
1091, 1053, 1042, 996, 957 w, 904, 873, 859, 837 w, 772, and 675 cm.~!. 

Deacetylation of Diacetyldihydropristimerin.—The reduced acetyl derivative (100 mg.) was 
heated under reflux with 1% methanolic sodium hydroxide (25 c.c.) for } hr. The mixture 
was diluted with water, and the methanol removed under vacuum. The residue from an 
ethereal extract of the resulting precipitate failed to crystallise after removal of the solvent. 
A 55-transfer counter-current distribution, with cyclohexane—95% aqueous methanol (+ NaCl, 
1 g./L.), gave pristimerin (60 mg.) (in tubes 23—25, K 0-7) which re-formed the same acetate 
after reductive acetylation (m. p. and mixed m. p. 251—252°). Tubes 0—2 contained a 
methanol-soluble component (30 mg.) which did not crystallise. 

Reductive Methylation of Pristimerin (Dimethyldihydropristimerin, Pristimerol Dimethyl 
Ether).—A solution of pristimerin (250 mg.) in methanol (150 c.c.) was reduced to pristimerol by 
hydrogenation in the presence of Adams catalyst (25 mg.). Dimethyl sulphate (1 c.c.) and 
30% aqueous sodium hydroxide (1 c.c.) were added at intervals with vigorous shaking in an 
atmosphere of hydrogen, until there was no coloration on the addition of the alkali. Shaking 
was continued overnight to ensure complete methylation. The methanol was removed under 
reduced pressure and 30% aqueous sodium hydroxide was added to destroy the excess of 
dimethyl sulphate. The precipitated inorganic salts were dissolved by addition of the minimum 
quantity of water, and the yellow solid (270 mg.) was separated, dissolved in ether, and chrom- 
atographed on alumina (grade I). Removal of the ether from the eluate and recrystallisation 
of the product from chloroform—methanol gave colourless needles (150 mg.) of dihydrodimethyl- 
pristimerin, m. p. 214—215° (lit.,* 209—210°) (Found: C, 77-7, 77-4; H, 9-4, 9-5; OMe, 20-2. 
Calc. for C;,H,,0,: C, 77:7; H, 9-4; 30Me, 18-6%), Amax, 281—282 muy (log ¢ 3-33), Amin, 258 my 
(log « 2-90). Infrared absorption (Nujol): 1724s, 1595, 1305, 1252 w, 1236 s, 1199 s, 1183 w, 
1149, 1136, 1112, 1093 s, 1013 w, 976 s, 964, 877 w, 845 s, 837, 806, 799 w, 773, and 725 cm.“}. 

Oxidation of the Pristimerol Dimethyl Ether.—Finely powdered potassium permanganate was 
added in small quantities to the reduced methyl ether (1-38 g.) in acetone (100 c.c.) until a 
faint pink colour persisted even after prolonged shaking. The manganese dioxide sludge was 
separated, washed free from potassium permanganate with acetone, and extracted with hot water 
until no precipitate was obtained on acidification of the filtrate. The combined aqueous filtrates 
were acidified and extracted with ether (3 x 30 c.c.), and the ether extracts washed and evapor- 
ated under reduced pressure. The residue (40 mg.), which was acidic, would still not crystallise. 

The acetone filtrate and washings were combined and the acetone was removed in vacuo at 
room temperature, leaving yellow crystals (1-45 g.). Recrystallisation from ether—light 
petroleum (b. p. 60—80°) gave colourless needles of the oxidation product, m. p. 217—218° 
(Found: C, 75-5, 75-3, 75-3; H, 9-1, 8-6, 8-8; OMe, 20-2; C-Me7-7. C,,H,,O, requires C, 75-55; 
H, 8-7; 30Me, 18-3; 2C-Me 6-7%). Light absorption: Amax, 301 and 249 muy (log « 4-01 and 
4-16); ing, 219—221 my (log ¢ 4-08); Amin. 273 and 232 my (log e 3-67 and 4-02). Infrared 
absorption (Nujol): 1730s, 1714s (single band at 1720 in CHCI,), 1643 s, 1580 s, 1327, 1297, 
1280, 1265, 1240, 1202, 1150, 1091 s, 1047 w, 1010 w, 985 w, 965 w, 895, 876, 840, and 793 w cm."}. 
The 2 : 4-dinitrophenylhydrazone formed orange needles, m. p. 278—279° (from ethanol) (Found: 
C, 66-3; H, 7-0; N,8-4. C,,H,,O,N, requires C, 66-3; H, 7-0; N, 8-1%). Light absorption: 
(i) Amax. 404—405 and 259—261 muy (log e 4-48 and 4-29); Amin. 334—335 and 242—244 mu (log 
e 3-72 and 4-23); (ii) in N/100-ethanolic NaOH, Anax, 495 my (log ¢ 4-38). Infrared absorption 
(Nujol): 1732 w, 1616s, 1587s, 1517, 1328s, 1273, 1220, 1160 w, 1134, 1107, 1036, 1014, 967 w, 
and 829 cm.*}. 

Acid Rearrangement of Pristimerin.—A suspension of pristimerin in 2N-sulphuric acid (60 c.c.) 
was heated under reflux in nitrogen. After 14 hr. the pristimerin formed a resin on the surface 
of the reaction mixture. The solution was cooled, the yesin crushed to a powder, and the 
heating continued. This was repeated at intervals until there was no further change in the 
appearance of the resin (ca. 20 hr.). The mixture was then extracted with ether, and the 
ethereal layer washed and evaporated, leaving a residue (1-05 g.)._ This was redissolved in the 








AA ww & 


r- 








[1957| The Reaction of Phenacyl Halides with Grignard Reagents. 4089 


ether and on slow evaporation of the solvent crystals separated which recrystallised from 
methanol as colourless needles (60 mg.) of the rearrangement product, m. p. 207—208° (Found: 
C, 77-3, 77-4; H, 9-0, 8-7; OMe, 8-3. C3 9H,.O, requires C, 77-55; H, 8-7; LOMe, 6-7%). Light 
absorption: Amax, 333, 317, 294, and 238 my (log ¢ 3-45, 3-46, 3-84, and 4-78 respectively); Aina. 
300—304 and 285—289 mu (log ¢ 3-76 and 3-77); Amin, 324, 316, and 259 my (log e 3-28, 3-45, and 
3-31). Infrared absorption (Nujol): 3525s, 3260s, 1684s, 1631, 1525, 1503, 1350, 1307, 1266 s, 
1240, 1223, 1179, 1115 w, 1059, 1020, 955 w, 892 s, 827, 809 s, and 768 wcm.~!. Paper chrom- 
atography, with the butan-1-ol—-water system: on Whatman No. | paper, Rp 0-82; on Whatman 
No. 1 borax-buffered paper, Ry 0-72. The acid rearrangement product was detected by means 
of a tetrazotised benzidine spray. 

The residue from the mother-liquors of the acid-rearrangement product was purified by 
counter-current distribution, with cyclohexane-90% aqueous methanol (+NaCl, 1 g./l.), 
46 transfers being carried out. The contents of the tubes were worked up as described in the 
isolation of pristimerin, and the main concentration of material appeared at tube numbers 
14—16 and 22—24; both fractions were coloured and were not investigated further. Small 
amounts of crystalline material were isolated from tubes 0—3 and 26—30 inclusive, the product 
from the latter tubes being identical with the acid rearrangement product (m. p. alone and 
mixed, 207°). 

Thiele Acetylation of Pristimerin.—Pristimerin (100 mg.) was dissolved in cold acetic 
anhydride (8 c.c.), and concentrated sulphuric acid (1 drop) was added. The initial red colour 
faded rapidly, a colourless solution being formed which was poured into ice-water (100 c.c.). 
The acetylated product was separated and chromatographed in ether on silica (6 g.). Removal 
of the ether from the eluate gave a solid which was crystallised from ether. Recrystallisation of 
the product from aqueous methanol gave the Thiele acetylation product, m. p. 160—161° 
(Found: C, 74-4, 74-35; H, 8-1, 8-0; Ac, 17-1. C3,H,O, requires C, 74-4; H, 8-1; 2Ac, 15-7%). 
Light absorption: Amax, 325, 289, and 233 my (log e 3-04, 3-90, and 4-87); Ajing, 281—282 mp 
(log ¢ 3-83); Amin. 321 and 254 myu-(log ¢ 2-88, 3-66). Infrared absorption (Nujol): 1776 s, 
1729 s, 1607 w, 1510 w, 1313 w, 1247, 1224 s, 1175, 1152 w, 1088 w, 1062 w, 1035 w, 1015 w, 
900 s, and 822s cm."}. 
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808. The Reaction of Phenacyl Halides with Grignard Reagents. 
A Synthesis of Dibenzyl Ketones and Deoxybenzoins. 
By R. L. Huane. 


Conditions are reported for the preparation of dibenzyl ketones and 
deoxybenzoins by addition of a Grignard reagent to a phenacyl halide, and 
rearrangement of the resulting complex. 


DIBENZYL KETONES may be prepared (a) from phenylacetic acids by pyrolysis or catalysis, 
and (5) by the action of alkylzincs on the appropriate acid chloride.2_ The first method is 
of limited application, and the latter often involves difficultly accessible materials. For 
the synthesis of deoxybenzoins the following methods are available: (a) reduction of 
benzoins,’ (6) Friedel-Crafts reactions with substituted phenylacetyl chlorides,‘ (c) reaction 
between benzylmagnesium halides and amides of aromatic acids,5 and (d) condensation 

1 Apitsch, Ber., 1904, 37, 1428; Senderens, Ann. Chim. Phys., 1913, 28, 243; Kistler, Swann, and 
Appel, Ind. Eng. Chem., 1934, 26, 388; Hurd and Thomas, J. Amer. Chem. Soc., 1936, 58, 1240. 

2 Francias, Ann. Chim., 1939, 11, 212. 

3 E.g., Ballard and Dehn, J. Amer. Chem. Soc., 1932, 54, 3970; Allen and Buck, ibid., 1930, 52, 312. 

* Petrenko-Kritschenko, Ber., 1892, 25, 2240; Szegé and Ostinelli, Gazzetta, 1930, 60, 677; Newman 
and Gaertner, J. Amer. Chem. Soc., 1950, 72, 264; Brown and Mann, J., 1948, 858. 

® (a) Jenkins, /. Amer. Chem. Soc., 1933, 55, 703, 2896; (b) Jenkins and Richardson, ibid., p. 1618. 
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of benzylpyridinium salts with aromatic aldehydes. We now report an alternative 
synthesis for these two types of ketone involving the addition of a Grignard reagent to a 
phenacyl halide followed by rearrangement of the resulting complex. 


R 
| 

pagent R-CO-CH,Ph Ph-CO-CH,R 
OMgX (1) (II) (III) 


From ethylmagnesium bromide and phenacyl chloride Tiffeneau’ obtained the 
complex (I; R = Et) which was converted by heat into benzyl ethyl ketone (II; R = Et). 
The migration of the phenyl in preference to the ethyl group is understandable considering 
the relative migratory aptitudes of such groups in the rearrangement of analogous systems, 
such as the chlorohydrins (or their magnesium complexes) derived from chlorocyclo- 
hexanone,® pinacols.*® and related substances. Similarly benzylmagnesium chloride and 
the same halogeno-ketone should give dibenzyl ketone. This was the case. Hence the 
product from the same Grignard reagent and p-methoxyphenacyl bromide is most likely 
to be p-methoxydibenzyl ketone. The yields being 40 and 49%, respectively, this reaction 
between a benzylmagnesium halide and a phenacy] halide constitutes a practicable synthesis 
for certain dibenzyl ketones. 

From an arylmagnesium halide and phenacyl chloride the product of rearrangement 
might similarly be pre-determined by application of the relative migratory aptitudes of the 
aryl and phenyl groups. Such aptitudes have been studied in several related rearrange- 
ments *1° for which the following general qualitative relation for the effect of substituent 
groups has been found: ~-OMe > ~-Me > H > #-Cl, o-Me. Application of this known 
relation, however, was only partially successful. When R was #-tolyl or p-methoxy- 
phenyl, fair yields (64 or 45%, respectively) were obtained of the expected deoxybenzoin 
(III), in which R had migrated in preference to phenyl. On the other hand, when R was 
p-chlorophenyl or o-tolyl, groups of low migratory capacities, the product in each case 
was an inseparable mixture of isomeric deoxybenzoins (II) and (III), both R and Ph 
having migrated. 

The relative migratory capacities also provide a guide to the experimental conditions 
necessary for rearrangement. The complex from phenylmagnesium bromide and phenacyl 
chloride gave little or no deoxybenzoin in boiling ether but a 60°% yield of the ketone after 
prolonged refluxing in benzene. Migration of the phenyl group therefore appears to 
require a temperature of 80° or higher, and consequently the metal complex was refluxed 
in benzene or higher-boiling solvent (e.g. xylene) in all the above syntheses involving 
migration of a phenyl group. On the other hand, the #-methoxyphenyl and the #-tolyl 
group migrated readily at the boiling point of ether, as shown in the synthesis of p-meth- 
oxydibenzyl ketone, 4-methyldeoxybenzoin, and 4-methoxydeoxybenzoin. Indeed, in 
the synthesis of the last-named compound, a purer product was obtained by a reverse 
Grignard reaction, t.e., by adding the Grignard reagent to the phenacy] halide, presumably 
because rearrangement took place so readily that this procedure prevented the rearranged 
ketone from reacting further. This spontaneous rearrangement of the metal complexes 
is reminiscent of those obtained from chlorocyclohexanone 8 and chloroacetone.1” 


EXPERIMENTAL 
Microanalyses are by Dr. W. Zimmermann, Melbourne. 


General Procedure.—The phenacy] halide (0-10 mole) in ether (50 c.c.) was added to a stirred 
solution of the Grignard reagent (0-12 mole) in ether (75 c.c.) at such a rate as to maintain 


* Kréhnke and Vogt, Annalen, 1954, 589, 26. 

7 Tiffeneau, Ann. Chim. Phys., 1907, 10, 368. 

® Huang, J. Org. Chem., 1954, 19, 1363. 

® Cf. Annual Reports, 1930, 27, 114. 

10 (a) Burr and Ciereszko, J]. Amer. Chem. Soc., 1952, 74, 5426; (b) Bachmann and Ferguson, ibid., 
1934, 56, 2081; (c) Huang, /J., 1954, 2539. 
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gentle refluxing (ca. 20 min.). Stirring and refluxing were continued for 2 hr. more (procedure 
A). Insome cases, the ether was distilled off and progressively replaced by dry benzene until 
the vapour temperature reached 78—80°, refluxing and stirring being then continued for 4 hr. 
(procedure B). In other cases, p-xylene was used instead of benzene (procedure C). In each 
case, the reaction mixture was decomposed by ice, followed by 5Nn-sulphuric acid, the product 
extracted into ether, the extract washed with dilute sulphuric acid and water and dried (MgSQ,), 
and the ketone isolated by standard methods. All distillations were carried out under nitrogen. 

Reactions of Phenacyl Chloride——Phenylmagnesium bromide. By procedure B deoxy- 
benzoin was obtained in a 62% yield, b. p. 124—126°/0-5 mm., m. p. 57° alone or mixed; semi- 
carbazone, m. p. 148° (lit.: m. p.s 60° and 148°, respectively). Procedure A gave a mixture, 
b. p. 128—141°/0-5 mm., which contained little ketonic material. 

Benzylmagnesium chloride. Method C gave dibenzyl ketone, b. p. 146—150°/ca. 2 mm. 
(39% yield), which when redistilled had b. p. 137—138°/1 mm., n? 1-5737, m. p. ca. 29° (room 
temp.) (Found: C, 85-3; H, 6-9. Calc. for C,;H,,O: C, 85-7; H, 6-7%). The oxime melted 
at 123—125° (Francis 1! records m. p. 125°), and the semicarbazone at 122—123° (Senderens 3? 
gives m. p. 125°; however, Staudinger ™ reports m. p. 140°). The 2: 4-dinitrophenylhydrazone, 
yellow needles from ethanol-ethyl acetate, had m. p. 98—99° (Found: N, 14-1. C,,H,,O,N, 
requires N, 14-35%). Procedure B gave a lower yield of a less pure product. A sample 
prepared from phenylacetic acid by Hurd and Thomas’s method ! had n?? 1-5712, m. p. ca. 29°; 
semicarbazone, m. p. 124—125°, alone or mixed with the semicarbazone obtained as above. 

p-Tolylmagnesium bromide. The product, obtained by procedure A, was 4-methyldeoxy- 
benzoin, b. p. 140°/0-4 mm. (64%), prisms; m. p. 94—97°, from cyclohexane (Newman and 
Gaertner ‘ report m. p. 92—95°; Brown and Mann ‘ report 90—92°) (Found: C, 85-7; H, 6-7. 
Cale. for C,;H,,O: C, 85-7; H, 6-7%). The oxime, prepared by Bachmann’s * method 
(pyridine), crystallised from ethanol in needles, m. p. 102—103-5° (Found: C, 79-8; H, 6-7. 
Calc. for C,;H,,ON: C, 80-0; H, 6-7%). Strassmann,!* however, reports m. p. 109°; a sample 
prepared by his method (potassium acetate in ethanol) melted at 101—103°. The isomeric 
4’-methyldeoxybenzoin has m. p. 108—110° (Newman and Gaertner ‘), and forms an oxime, 
m. p. 131° (Strassmann 35), 

p-Methoxyphenylmagnesium bromide. The Grignard solution was stirred into a solution of 
phenacyl chloride (5-0 g.) in ether, the mixture being then refluxed for 2 hr., and the product 
isolated by ether extraction. After removal of the ether and addition of chilled methanol, 
4-methoxydeoxybenzoin (2-1 g., crude) separated; it had m. p. 96—98° (from methanol) 
(Found: C, 79-1; H, 6-0. Calc. for C,,H,,O,: C, 79-6; H, 6-2%). Barnes et al.1® report m. p. 
98°, and for the 4’-isomer, m. p. 77—78°. The 2: 4-dinitrophenylhydrazone, orange needles 
from ethyl acetate, melted at 198° (Found: N, 13-6. C,,H,,0;N, requires N, 13-8%). The 
mother liquors were combined and distilled (slight decomposition) giving more of the deoxy- 
benzoin, m. p. ca. 95° (1-2 g.). 

By procedure A a 40% yield was obtained of a less pure product, which was chromatographed 
(benzene on alumina). A sparingly soluble by-product, m. p. 247° (benzene), was isolated in 
smal! quantities. 

p-Chlorophenylmagnesium bromide. The product was distilled, b. p. 139—140°/0-4 mm. 
(50%), and after repeated crystallisation from ethanol had m. p. 92—95° (Found: C, 72-7; 
H, 4-9; Cl, 15-75. Calc. for C,,H,,OCl: C, 72-9; H, 4-8; Cl, 15-4%). Jenkins and 
Richardson § report m. p. 107-5° for 4’-chlorodeoxybenzoin and m. p. 138° for 4-chlorodeoxy- 
benzoin. The 2: 4-dinitrophenylhydrazone (probably a mixture of isomers), prisms from 
ethanol-ethyl acetate, melted at 205—212° (Found: N, 13-3. C,)9H,,;0,N,Cl requires N, 
13-6%). 

o-Tolylmagnesium bromide. Procedure B gave a mixture of isomers, b. p. ca. 140°/1 mm. 
(25%), n}* 1-5921 (Found: C, 85-65; H, 6-7. Calc. for C,,H,,O: C, 85-7; H, 67%). The 
2: 4-dinitrophenylhydrazone after repeated recrystallisation (ethyl acetate-ethanol) had m. p. 
167—181° (Found: N, 14-2. Calc. for C,,H,,0,N,: N, 14-35%) the semicarbazone, m. p. 138— 
151° after recrystallisations from ethanol (Found: N, 15-4. Calc. for C,,H,,ON,;: N, 15-7%). 

1 Francis, J., 1899, 75, 865. 

12 Senderens, Bull. Soc. chim., 1910, 7, 654. 

13 Staudinger, Ber., 1911, 44, 533. 


14 Bachmann, Fujimoto, and Wick, J. Amer. Chem. Soc., 1950, 72, 1995. 
15 Strassmann, Ber., 1889, 22, 1229. 


16 Barnes, Cooper, Tulane, and Delaney, J. Org. Chem., 1943, 8, 153. 
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Reaction of p-methoxyphenacyl bromide ™ with benzylmagnesium chloride. The product from 
procedure A was p-methoxydibenzyl ketone, b. p. 140—142°/0-4 mm. (49% yield), 13° 1-5751 
(Found: C, 80-3; H, 6-7. C,,H,,O, requires C, 80-0; H, 6-7%). The oxime, needles from 
aqueous ethanol, had m. p. 102—105° (Found: C, 75-3; H, 6-6. C,,H,,O,N requires C, 75-3; 
H, 6-7%). It failed to give a crystalline semicarbazone. 


UNIVERSITY OF MALAYA, SINGAPORE. [Received, May 13th, 1957.) 


17 Prepared as described by Kindler and Blaas, Ber., 1944, 77, B, 585, with addition of a trace of 
aluminium chloride (cf. Organic Synth., Coll. Vol. II, 480). 


809. Modified Steroid Hormones. Part IV.* 6-Methylpregnane 
Derivatives. 


By D. Burn, B. ELtis, V. PetTrow, (Mrs.) I. A. SruART-WEBB, 
and D. M. WILLIAMSON. 


* 38-Hydroxy-25D-spirost-5-ene (II) has been transformed into its 6- 
methyl derivative (cf. VI) by two methods. Its degradation gave 3$-acetoxy- 
6-methylpregna-5 : 16-dien-20-one (VIII; R = Ac), which was transformed 
into 6-methylpregnenolone (VII; R = H). 

Oppenauer oxidation of the last compound gave 6«-methyl-17«-pregn-4- 
ene-3 : 20-dione and a smaller quantity of 6«-methylprogesterone (X; 


R =~*-Me,—-H). The last compound was independently obtained from 
pregnenolone. 

The 16-dehydro-derivative (IV) of 6z-methylprogesterone has been 
prepared. 


INACTIVATION of steroid hormones in the body occurs, inter alia, by hydroxylation at Cé. 
It was, consequently, of interest to study the effect of a 6-methyl substituent on the 
properties of some biologically active derivatives of pregnane and androstane. To this 
end we have examined in some detail the conversion of 38-hydroxy-25D-spirost-5-ene (IT) 
into 38-hydroxy-6-methylpregna-5 : 16-dien-20-one (VIII; R =H) and 6za-methyl- 
progesterone (X; R =---Me, —H) hoping thereby to establish a convenient route to 6-methyl- 
steroids and to obtain some intermediates of potential value for later work. In addition, 
we have converted pregnenolone into 68-methylprogesterone and thence into the 6a- 
methyl isomer (above), thereby establishing the stereochemistry of the latter compound 
at position 6. 

Initial experiments were directed to the conversion of the 38-hydroxy-A®-steroid (II) 
into the 6-methyl derivative (VI) via a 3: 5-cyclosteroid. 38-Hydroxy-25D-spirost-5-ene 
(II) was converted into the toluene-f-sulphonyl derivative (since described by Wall and 
Serota!) which passed smoothly into 68-hydroxy-3 : 5-cyclo-25D-spirostan (III; R = -~H, 
—OH) on being heated with potassium acetate in aqueous acetone or ethyl methyl ketone. 
Oxidation of the cyclosteroid with the pyridine-chromic acid complex ? furnished 3 : 5-cyclo- 
25D-spirostan-6-one (III; R =‘O), which was converted by methylmagnesium iodide 
into 3 : 5-cyclo-6€-methyl-25D-spirostan-6£-ol (III; R = Me, OH) and a small quantity of 
a compound believed to be the Cig-isomer. Treatment of the major reaction product 
or, better, of the total Grignard product, with acetic acid-sulphuric acid gave the 
required 38-acetoxy-6-methyl-25D-spirost-5-ene (VI). 

The last compound was also prepared from 3$-acetoxy-5«-bromo-25D-spirostan-68-ol 
(V; R = Ac, R’ = Br, R” = ---H, -OH), which was readily obtained by the action of hypo- 
bromous acid on the acetate of the alcohol (II). Oxidation with the pyridine-chromic acid 


* Part III, J., 1956, 1184. 


1 Wall and Serota, J. Amer. Chem. Soc., 1956, 78, 1747. 
2 Poos, Arth, Beyler, and Sarett, ibid., 1953, 75, 422. 
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complex furnished the bromo-ketone (V; R = Ac, R’ = Br, R” = :O), which was debromin- 
ated by zinc dust in acetic acid to 3$-acetoxy-5a : 25D-spirostan-6-one (V; R = Ac, 
R’ =H, R” =:0). Reaction with methylmagnesium iodide, followed by reacetylation, 
gave a product assigned the constitution of 38-acetoxy-62-methyl-5« : 25D-spirostan-68-ol 
(V; R =Ac, R’ = H, R” =--~-Me, —OH) by analogy with the work of Fieser and Rigaudy * 
on the Grignard product obtained from 38-hydroxycholestan-6-one. Dehydration of 
this material by Darzens’s method gave 3$-acetoxy-6-methyl-25D-spirost-5-ene (VI), 
identical with the compound prepared by the 3: 5-cyclosteroid route. Degradation of 
the spiro-ketal side-chain present in (VI) by the usual methods *: 5 gave the pseudosapogenin 
(IX) and thence the required 38-acetoxy-6-methylpregna-5 : 16-dien-20-one (VIII; 
R = Ac). 

Hydrogenation of the last compound at palladium-calcium carbonate led selectively 
to 36-acetoxy-6-methylpregn-5-en-20-one (VII; R = Ac), hydrolysed by methanolic 
potassium carbonate to the corresponding alcohol (VII; R =H). Oppenauer oxidation 
of the last compound, followed by chromatography on alumina, gave two isomeric 3-oxo- 
A4-6-methyl-steroids, A, m. p. 105°, [«]?* +-36° (the major product), and B, m. p. 123°, 
[a]? +.178°. Theoretical considerations lead to the conclusion that in the conversion of a 
38-hydroxy-6-methyl-A®-steroid into the 6-methyl-3-oxo-A‘-steroid, the Cg) substituent 
may be expected to assume the thermodynamically more stable equatorial «-configuration. 
Compounds A and B may consequently be regarded as 6a-methyl-3-oxo-steroids. A clue 
to their structures was furnished by the observation that the minor oxidation product, B, 
was identical with 6«-methylprogesterone (X; R = ---Me,—-H), which we had meanwhile 
synthesised, together with the 68-methyl isomer (X; R = ---H, ~Me), from pregnenolone by 
the unambiguous route described below. Compound 4, which differed from the 68-epimer 
(X; R =~~-H, —Me), as expected, was therefore assigned the constitution of 6«-methyl-17«- 
pregn-4-ene-3 : 20-dione, a formulation supported by optical-rotational data and by the 
observation that the compound was transformed into 6a-methylprogesterone (X; 
R = ---Me, —H) by alcoholic mineral acid. 

The formation of a 17«-pregnene derivative as major product in the above series of 
reactions was unexpected. The constitution of a 6-methylpregnenolone (VII; R = H) 
assigned to the reduction product of 6-methylpregnadienolone (VIII), however, is un- 
equivocally supported by (i) its mode of formation by catalytic hydrogenation of a pregn- 
16-en-20-one and (ii) its optical rotation. The epimerisation at C;,,) must consequently 
have occurred during the Oppenauer oxidation and must be regarded as due to a vicinal 
effect of the 6a-methyl group upon the C;,,)-asymmetric centre. 

Conversion of pregnenolone into 6a- and 68-methylprogesterone utilised pregnenolone 
5a: 6a-epoxide? (XII; R =H, R’ =°0O) as starting material. Ponndorf reduction 
followed by acetylation furnished 38 : 20(a + b)-diacetoxy-5 : 6z-epoxypregnane (XII; 
R = Ac, R’ = H, OAc), which was converted by methylmagnesium iodide into 68-methyl- 
pregnane-38 : 5a : 20(a +- b)-triol (XI; R =--H, -OH, R’ = H, OH). Oxidation with 
chromic acid in acetic acid gave 5a-hydroxy-6$-methylpregnane-3 : 20-dione (XI; 
R = R’ = :O), which passed into 68-methylprogesterone (X; R = ---H, —Me) on dehydr- 
ation by Darzens’s method. The last compound was also obtained in low yield by direct 
Oppenauer oxidation of the mixed triols (XI; R = ---H, -OH, R’ = H, OH). 

Epimerisation § of 68-methylprogesterone with hot alcoholic potassium hydroxide 
furnished 6«-methylprogesterone (X; R = ---Me,~—H), also obtained directly from the 
saturated 6-hydroxy-ketone (XI; R = R’ = :O) by heating it with alcoholic mineral acid. 


3 Fieser and Rigaudy, J. Amer. Chem., Soc., 1951, 78, 4660. 

“ Cameron, Evans, Hamlet, Hunt, Jones, and Long, /., 1955, 2807. 

5 Marker and Rohmann, /. Amer. Chem. Soc., 1940, 62, 518. 

* Cf. the preliminary communication of Ringold, Batres, and Rosenkranz, J. Org. Chem., 1957, 22, 
99, which appeared when the present work was in typescript form. 

7 Ehrenstein and Stevens, J. Org. Chem., 1941, 6, 908; Davis and Petrow, J., 1950, 1185. 

® Turner, J]. Amer. Chem. Soc., 1952, 74, 5362. 
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Hydrolysis of 38-acetoxy-6-methylpregna-5 : 16-dien-20-one (VIII; R = Ac) gave the 
alcohol (VIII; R =H), which passed into 6a-methylpregna-4 : 16-diene-3 : 20-dione (IV) 
on Oppenauer oxidation. The last compound was also obtained from 3$-hydroxy-25D- 
spirost-5-ene (II) via its 5a: 6«-epoxide (I), which with methylmagnesium iodide gave 


oO 








(VII) (VIII) Me (IX) 
| COMe 





oO : = 

(X) Me (x1) (Xi) 
68-methyl-25D-spirostan-38 : 5a-diol (V; R =H, R’ = OH, R” =--~H,~Me). Degrad- 
ation of the spiro-ketal side-chain gave an oily product which was converted directly into 
the 6-methyldienedione (IV) by hydrolysis followed by Oppenauer oxidation. 
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EXPERIMENTAL 


Rotations were determined in a 1 dm. tube in CHCl, unless otherwise stated. Ultraviolet 
absorption spectra (in EtOH) were kindly determined by Mr. M. T. Davies, B.Sc. Infrared 
absorption spectra were kindly determined by Dr. A. E. Kellie, Courtauld Institute of Bio- 
chemistry. Alumina (B.D.H., chromatography grade) was used throughout. 

38-T oluene-p-sulphonyloxy-25D-spirost-5-ene.—38-Hydroxy-25D-spirost-5-ene (II) (10 g.) 
in pyridine (100 ml.) was left at room temperature for 48 hr. with toluene-p-sulphonic acid 
(10 g.). Ice-cold water was added, and the precipitated solids were collected and dissolved in 
chloroform. The chloroform solution was washed with water, dried, and evaporated under 
reduced pressure. The residue was crystallised from acetone, to give the ester, prisms, m. p. 
164—165°, («]?? —98° (c 0-415) (Found: C, 71-6; H, 8-2; S, 6-4. Calc. for C,;,H,,0,S: C, 71-9; 
H, 8-5; S, 5-6%). Wall and Serota ! give m. p. 166°, [a]?? —98°. 

3 : 5-cyclo-25D-Spirostan-68-ol (III; R =---H,-OH):—The foregoing ester (25 g.) 
in ethyl methyl ketone (1-2 1.) was stirred and heated under reflux for 16 hr. with a solution of 
potassium acetate (31-5 g.) in water (300 ml.). The mixture was poured into water and left 
overnight, then the product was collected, washed with water, and dried. It was then per- 
colated in benzene through a short column of alumina. After removal of the benzene, the 
residue was crystallised from acetone, to give 3: 5-cyclo-25D-spirostan-68-ol, plates, m. p. 
165—166°, CaF — 44° (c 0-360) (Found: C, 76-6; H, 10-2. C,,H,,.0O3,}H,O requires C, 76-6; 
H, 10-2%). 

3 : 5-cyclo-25D-Spirostan-6-one (III; R =‘O).—The preceding alcohol (23-3 g.) in dry 
pyridine (233 ml.) was added to the pyridine-chromic acid complex prepared from chromium 
trioxide (23-3 g.) and pyridine (233 ml.). The mixture was left overnight at room temperature. 
Hot benzene was added and the mixture filtered through ‘‘ Hyflo,’’ which was washed repeatedly 
with hot benzene. The filtrate and washings were combined, washed with dilute hydrochloric 
acid, dilute sodium hydrogen carbonate solution, and water, dried, and evaporated. The product 
was purified by passing it in benzene through a short column of alumina. The residue, after evap- 
oration of the benzene, crystallised from acetone, giving 3 : 5-cyclo-25D-spirostan-6-one, plates, 
m. p. 185°, [a]?? —48° (c 0-968) (Found: C, 78-3; H, 9-9. C,,H,,O, requires C, 78-6; H, 9-7%). 
The compound formed an orange 2: 4-dinitrophenylhydrazone. 

3 : 5-cyclo-6€-Methyl-25D-spirostan-6€-ol (III; R = Me, OH).—3: 5-cyclo-25D-Spirostan- 
6-one (1-84 g.) in ether (184 ml.) was added to a Grignard solution prepared from magnesium 
(1-1 g.), methyl iodide (3 ml.), and ether (50 ml.). The mixture was heated under reflux for 
2 hr., cooled, and decomposed with ammonium chloride solution. The product was isolated 
with chloroform, and chromatographed in benzene on alumina (55 g.). From the benzene—ether 
(9: 1) through to pure ether eluates was obtained 3: 5-cyclo-6£-methyl-25D-spirostan-6&-ol, 
needles, m. p. 183—185°, [«]?? —52° (c 0-339) (Found: C, 78-4; H, 10-2. C,,H,,O, requires 
C, 78-5; H, 10-3%), after crystallisation from acetone. The compound gave a negative tetra- 
nitromethane test. From the pure benzene eluates was obtained in low yield an isomeric 
product, plates, m. p. 175°, [a]?! —130° (c 0-735) (Found: C, 78-7; H, 10-1%). 

38-A cetoxy-6-methyl-25D-spirost-5-ene (VI1).—3 : 5-cyclo-6&-Methyl-25D-spirostan-6£-ol (2-7 
g.), dissolved in acetic acid (20 ml.), was left overnight at room temperature with acetic acid 
containing concentrated sulphuric acid (2 ml.). The mixture was poured into water and the 
product collected. Crystallisation from chloroform—methanol gave 3§-acetoxy-6-methyl- 
25D-spirost-5-ene, plates, m. p. 213—214°, Ky — 132° (c 0-283) (Found: C, 76-3; H, 10-0. 
C39H,,O, requires C, 76-6; H, 9-8%). The compound gave a positive tetranitromethane test. 
Subsequently it was found that purification of the Grignard product was not necessary before 
treating it with acid, the overall yield in the two stages then being 64%. 

Saponification with methanolic potassium hydroxide gave the corresponding alcohol, needles 
(from methanol), m. p. 181—182°, [«]?? —126° (c 0-62) (Found: C, 78-0; H, 10-3. C,,H,,O, 
requires C, 78-5, H, 10-3%). 

38-A cetoxy-5a-bromo-25D-spirostan-68-ol (V; R=Ac, R’=Br, R” =~-H,-OH).— 
A solution of 3$-acetoxy-25D-spirost-5-ene (12-7 g.) in dioxan (220 ml.) was treated with 
N-bromoacetamide (5-6 g.) in water (20 ml.) and perchloric acid (1-5 ml.) in water (7 ml.). 
After 1 hour’s stirring at room temperature, water was added and the product isolated with 
ether. The ethereal extracts were washed successively with aqueous solutions of potassium 
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iodide, potassium thiosulphate, and sodium carbonate. After evaporation of the ether the 
residue crystallised from chloroform—hexane, giving 3$-acetoxy-5a-bromo-25D-spirostan-6§-ol, 
needles, m. p. 223—226°, [a]?! — 107° (c 0-288) (Found: C, 62-9; H, 8-3; Br, 14-2. C,sH,,O;Br 
requires C, 62-9; H, 8-1; Br, 14-6%). 

38-A cetoxy-5a-bromo-25D-spirostan-6-one (V; R = Ac, R’ = Br, R” = :O).—The foregoing 
bromohydrin (5 g.) in dry pyridine (50 ml.) was left overnight at room temperature with 
pyridine-chromic acid [from chromium trioxide (5 g.) and pyridine (50 ml.)}._ The product 
was isolated with hot benzene as before (see above), and crystallised from methanol, to give 
38-acetoxy-5a-bromo-25D-spirostan-6-one, needles, m. p. 211—212°, [a]? —173° (c 0-247) 
(Found: C, 63-0; H, 7-8; Br, 14-1. C,,H,,0;Br requires C, 63-1; H, 7-8; Br, 14-5%). 

38-A cetoxy-5a : 25D-spirostan-6-one (V; R=Ac, R’ =H, R” =:0).—The foregoing 
compound (3 g.) was debrominated by stirring and heating it on the steam-bath with zinc dust 
(3 g.) in acetic acid (30 ml.) for 45 min. After removal of the zinc the product was isolated 
with ether. 38-Acetoxy-5a : 25D-spirostan-6-one formed prisms, m. p. 222—224°, [a]?? —93° 
(c 0-283) (Found: C, 73-0; H, 9-2. C,,H,,O, requires C, 73-7; H, 9-3%). 

38-A cetoxy-6a-methyl-5a : 25D-spirostan-68-ol (V; R = Ac, R’ = H, R” =-~---Me, —OH).— 
The foregoing ketone (4-2 g.) in benzene (100 ml.) was added to a Grignard solution prepared 
from magnesium (2-4 g.) and methyl iodide (12-6 g.) in ether (50 ml.), and the mixture heated 
under reflux for 4 hr. After storage overnight at room temperature, ammonium chloride 
solution was added, and the product isolated with benzene. Reacetylation with acetic 
anhydride—pyridine (50 ml. of each) gave 38-acetoxy-6a-methyl-5a : 25D-spirostan-68-ol, needles, 
m. p. 238—241°, [a]? —85° (c 0-354) (Found: C, 73-7; H, 10-0. C,,H,,O, requires C, 73-7; 
H, 9-8%), after purification from acetone. 

36-A cetoxy-6-methyl-25D-spirost-5-ene (V1I).—The foregoing Grignard product (0-5 g.) in 
dry pyridine (15 ml.) was treated with thionyl chloride (5 ml.) at 0°. After 10 min. the mixture 
was treated with water, and the precipitated solids were collected, washed with water, and 
dried. Crystallisation from methanol gave 38-acetoxy-6-methyl-25D-spirost-5-ene, needles, 
m. p. 218—220°, [a]#* —129° (c 0-356) (Found: C, 76-9; H, 10-2%), identical with a sample 
prepared by the 3: 5-cyclo-route (above). 

6-Methyl-25D-furosta-5 : 20-diene-38 : 26-diol (IX).—3-Acetoxy-6-methyl-25D-spirost-5-ene 
(6-98 g.) was heated under reflux for 2 hr. with »-octanoic acid (9-24 ml.) and m-octanoic 
anhydride (4-8 ml.). After cooling, the mixture was diluted with ether, and the ethereal 
solution washed with water, 2N-sodium hydroxide, and water, dried, and evaporated. The 
residual gum was hydrolysed under reflux for 30 min. with methanol (70 ml.) and potassium 
hydroxide (3-5 g.) in water (5 ml.). When hot water was added a solid was precipitated, which, 
after cooling, was filtered off, washed with water, and dried. Crystallisation from methanol 
gave 6-methyl-25D-furosta-5 : 20-diene-38 : 26-diol, plates, m. p. 179°, 184—186°, [a]? —81° 
(c 0-403) (Found: C, 78-3; H, 10-5. C,,H,,O, requires C, 78-5; H, 10-3%). 

38-A cetoxy-6-methylpregna-5 : 16-dien-20-one (VIII; R = Ac).—The foregoing pseudogenin 
(5-2 g.) was acetylated on the steam-bath for 1 hr. with acetic anhydride—pyridine (20 ml. of 
each). After addition of water the product was isolated with chloroform, which was removed 
leaving an oil. To this oil, dissolved in acetic acid (37 ml.), was added dropwise with cooling 
and stirring chromium trioxide (1-8 g.) in water (3-7 ml.) and acetic acid (37 ml.). The mixture 
was stirred for 1} hr. at room temperature, methanol was added, and the mixture poured into 
water. The product, isolated with chloroform, was an oil which was heated in acetic acid 
(40 ml.) for 2hr. Most of the acetic acid was removed under reduced pressure and chloroform 
added to the residue. The chloroform solution was washed until neutral, dried, and evaporated 
to an oil, which was dissolved in benzene solution and trickled through a short column of alumina. 
Evaporation of the residue gave 3-acetoxy-6-methylpregna-5 : 16-dien-20-one, plates, m. p. 
121—123°, [a] —60° (c 0-505), Amax, 240 my (¢ 9095) (Found: C, 78-0; H, 8-9. C,,H,,0, 
requires C, 77-8; H, 9-2%), after purification from aqueous methanol. 

38-A cetoxy-6-methylpregn-5-en-20-one (VII; R = Ac).—The foregoing compound (2-57 g.) 
was hydrogenated in 95% methanol (100 ml.) by using 2% palladium—calcium carbonate (1-5 g.). 
Crystallisation of the product from aqueous methanol furnished 38-acetoxy-6-methylpregn-5- 
en-20-one, needles, m. p. 150—151°, [a]?* —3° (c 0-557) (Found: C, 76-8; H, 10-1. C,H 5,0, 
requires C, 77-4; H, 9-7%). 

38-Hydroxy-6-methylpregn-5-en-20-one (VII; R = H).—Hydrolysis of the preceding acetate 
(1-93 g.) with potassium carbonate (0-32 g.) in methanol (25 ml.) and water (2 ml.) for 1 hr. on 
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the steam-bath gave 38-hydroxy-6-methylpregn-5-en-20-one, prisms, m. p. 159—160°, [a]? 
+10° (¢ 0-602) (Found: C, 79-4; H, 10-4. C,,H;,0, requires C, 80-0; H, 10-3%), after 
crystallisation from aqueous methanol. 

6a-Methylprogesterone (X; R = ~-Me, —OH).—Oxidation of the last compound (1-25 g.) 
in cyclohexanone (9 ml.) by heating it under reflux for 30 min. with aluminium ¢ert.-butoxide 
(1-25 g.) in toluene (5 ml.), followed by decomposition with Rochelle salt solution, steam- 
distillation, and isolation with chloroform gave an oil. This was chromatographed in benzene— 
hexane (1: 1) on alumina (35 g.). From the benzene—hexane (1: 1) to pure benzene eluates, 
was obtained 6a-methylprogesterone,* needles, m. p. 122—123°, [a]?? +178° (¢ 1-05), Amax. 
241 my (ce 15,700) (Found: C, 80-3; H, 9-9. Calc. for C,,H;,0,;: C, 80-4; H, 9-8%), after 
crystallisation from acetone—hexane. 

6a-Methyl-17a-pregn-4-ene-3 : 20-dione.—From the benzene-ether (9:1) to benzene—ether 
(3 : 2) eluates in the preceding experiment was obtained 6«-methyl-17a-pregn-4-ene-3 : 20-dione, 
prisms, m. p. 104—105°, [a]?#* +-36° (c 0-18), Amax, 241 my (e 16,040) (Found: C, 80-4; H, 9-8%), 
after crystallisation from acetone-hexane. This compound (50 mg.) in ethanol (18 ml.) was 
heated under reflux for 15 min. with concentrated hydrochloric acid (1-8 ml.). Water was 
added and the product isolated with ether, as an oil which was passed in benzene through a 
short column of alumina. Crystallisation from acetone-hexane gave 6a-methylprogesterone, 
m. p. 120° alone or admixed with a sample prepared as above. 

5a-Hydroxy-68-methyl-5a-pregnane-3 : 20-dione (XI; R= R’ = :O).—5a: 6«-Epoxy-36- 
hydroxy-5a-pregnan-20-one (13-1 g.) in propan-2-ol (230 ml.) was treated with aluminium 
tsopropoxide (13 g.) and the mixture distilled slowly during 6 hr.; 132 ml. of distillate were 
collected. The product, isolated with ether, was digested with warm acetone, and the insoluble 
fraction (10-4 g.; m. p. 205—225°), consisting of 5a : 6a-epoxy-5a-pregnane-3§8 : 20(a + b)-diol, 
was acetylated in pyridine for 12 hr. at room temperature. The 38 : 20(a + b)-diacetate 
(11 g.) crystallised from aqueous ethanol in plates, m. p. 150—160°. 

The foregoing diacetate (11 g.) in dry benzene (900 ml.) was added rapidly to a solution of 
Grignard reagent prepared from magnesium (7-2 g.), methyl iodide (18-5 ml.), and ether (300 ml.). 
The mixture was stirred and distilled until the vapour temperature reached 76°, then refluxing 
was continued for 5 hr. The product, isolated in the usual way, separated from benzene 
(yield, 6-3 g.; m. p. 230—240°) and consisted of 68-methylpregnane-3§ : 5« : 20(a + b)-triol. 
No attempt was made to separate the isomers. 

The foregoing triol (5 g.) in acetic acid (50 ml.) was treated for 18 hr. with chromium trioxide 
(3 g.) in acetic acid (150 ml. of 85%). Dilution with water gave a solid which was purified 
from ethanol. 5a-Hydroxy-68-methyl-5a-pregnane-3 : 20-dione * formed prisms, m. p. 255— 
256° (decomp.), [«]#* -+64-5° (c 0-5) (Found: C, 75-3; H, 9-9. Calc. for C,,H,,0,: C, 76-2; 
H, 9-9%). 

66-Methylprogesterone (KX; R =----H, —Me).—(a) Thiony] chloride (1-2 ml.) was added dropwise 
at 0° to an ice-cooled solution of 5a-hydroxy-6$-methyl-5«-pregnane-3 : 20-dione (2 g.) in 
pyridine (35 ml.). After a further 10 min., the mixture was poured into ice-water, and the 
product isolated with ether, and crystallised from aqueous methanol. 6$-Methylprogesterone * 
separated in needles, m. p. 169—171°, [a]# + 141° (c 0-95), Amax. 242 my (e 19,040) (Found: 
C, 80-15; H, 9-5. Calc. for C,.H;,0,: C, 80-4; H, 9-8%). 

(b) A solution of 68-methylpregnane-38 : 5a : 20(a + b)-triol (1-5 g.) in toluene (100 ml.) 
and cyclohexanone (40 ml.) was distilled until 30 ml. of distillate had collected. After the 
addition of aluminium isopropoxide (2-5 g.) in toluene (10 ml.), the mixture was refluxed for 1} 
hr., cooled, and washed with dilute sulphuric acid, and the solvents were removed by steam- 
distillation. The product in benzene was chromatographed on alumina (15 g.), and the early 
fractions were combined and purified from aqueous methanol. 68-Methylprogesterone formed 
needles, m. p. 171°, identified with a specimen prepared by method (a) above. 

6a-Methylprogesterone (X; R = —H, --~Me).—(a) 68-Methylprogesterone (0-6 g.) in methanol 
(25 ml.) and water (5 ml.) containing potassium hydroxide (0-5 g.) was refluxed under nitrogen 
for 16 hr. The product, isolated with ether, was chromatographed on alumina (15g.). Elution 
with benzene gave a solid which crystallised from aqueous methanol. 6a«-Methylprogesterone 
separated in flakes, m. p. 122—123°, identical (infrared spectrum) with the compound prepared 
as above. 

(6) A solution of 5a-hydroxy-6$-methylpregnane-3 : 20-dione (0-5 g.) in ethanol (40 ml.) 
containing concentrated hydrochloric acid (3 drops) was refluxed for 30 min. The product, 
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crystallised from aqueous methanol, gave 6«-methylprogesterone, plates, m. p. 121—123°, not 
depressed in admixture with a specimen prepared by method (a) above. 

38-Hydroxy-6-methylpregna-5 : 16-dien-20-one (VIII; R = H).—The acetate (VIII; R = Ac) 
(0-5 g.) was hydrolysed under reflux for 4 hr. with potassium hydroxide (2 g.) in water (5 ml.) 
and ¢ert.-butyl alcohol (30 ml.). Water was added and the product isolated with chloroform. 
The residue, after evaporation and crystallisation from aqueous methanol, gave 38-hydroxy-6- 
methylpregna-5 : 16-dien-20-one, needles, m. p. 164—166°, [a] — 42° (¢ 0-272) (Found: C, 78-6; 
H, 9-5. C,.H;,0,,4H,O requires C, 78-3; H, 9-8%). 

6a-Methylpregna-4 : 16-diene-3 : 20-dione (I1V).—The foregoing compound (200 mg.) was heated 
under reflux for 40 min. with aluminium ¢ert.-butoxide (300 mg.) in toluene (3 ml.) and cyclo- 
hexanone (5 ml.). Rochelle salt solution was added and the mixture steam-distilled for a 
few hr. The product was isolated with chloroform, to give 6a-methylpregna-4 : 16-diene-3 : 20- 
dione, needles, m. p. 179—180°, [a] +145° (c 0-138), Amax, 240 my (e¢ 28,400) (Found: C, 79-1; 
H, 9-1. C,,.H 3 0,,}H,O requires C, 78-7; H, 9-2%), after crystallisation from acetone—hexane. 

5a : 6a-Epoxy-25D-spirostan-38-ol (I) (with G. Coorry, B.Sc.).—38-Hydroxy-25D-spirost- 
5-ene (II) (3 g.) in chloroform (85 ml.) was left overnight at 0° with ethereal monoperphthalic 
acid (45 ml. containing 2 g. of acid). After the addition of more ether, the solution was washed 
neutral with potassium carbonate solution and water, dried, and evaporated. The residue, 
crystallised from chloroform—methanol, gave 5a : 6«-epoxy-25D-spirostan-3f-ol, prisms, m. p. 
208—209°, [a]? —136° (c 0-884) (Found: C, 73-7; H, 9-7. C,,H,,0,,}CH,-OH requires 
C, 73-9; H, 9-9%). The infrared absorption spectrum was compatible with this structure. 

68-Methyl-25D-spirostan-38 : 5a-diol (V; R=H, R’ =OH, R” =---H, —Me) (with 
Miss V. GRENVILLE, B. A.).—5« : 6«-Epoxy-25D-spirostan-38-ol (10 g.) in benzene (300 ml.) and 
ether (200 ml.) was added to a Grignard solution prepared from magnesium (5-0 g.) and methyl 
iodide (15 ml.) in ether (100 ml.). After 6 hr. under reflux, ammonium chloride solution was 
added, and the product isolated with ether. Crystallisation from methanol gave 6§8-methyl- 
25D-spirostan-38 : 5u-diol, needles, m. p. 217—218°, [a]? —84° (c 0-346) (Found: C, 73-3; 
H, 10-4. C,,H,,O,,4H,O requires C, 73-8; H, 10-3%). The infrared spectrum showed the 
presence of a tertiary hydroxyl group. 

6a-Methylpregna-4 : 16-diene-3 : 20-dione (IV).—The foregoing Grignard product was 
heated in a sealed tube at 185—190° for 18 hr. with acetic anhydride (40 ml.). After cooling, 
the mixture was concentrated under reduced pressure, and the residue was oxidised with 
chromium trioxide (9 g.) in water (30 ml.), acetic acid (33 ml.), and methylene dichloride (75 ml.) 
for 2 hr. at room temperature. Methanol was added and the product was isolated with ether. 
Hydrolysis of this with potassium hydroxide (12-5 g.) in ¢ert.-butyl alcohol (250 ml.) at 30° for 
3 hr. gave an oil, after the addition of water and isolation with ether. This was oxidised by 
heating under reflux for 2 hr. with aluminium #ert.-butoxide (10 g.) in cyclohexanone (100 ml.) 
and toluene (80 ml.). Rochelle salt solution was added and the mixture was steam-distilled 
for 4 hr. The product was isolated with benzene-ether as an oil which was chromatographed 
on alumina (50 g.). Elution with benzene—hexane (2: 1) gave 6a-methylpregna-4 : 16-diene- 
3: 20-dione, needles, m. p. 180—182°, [«]?° + 152° (c 0-293 in EtOH), after crystallisation from 
methanol. Its infrared spectrum proved its identity with the compound prepared as above. 


The authors thank the Directors of The British Drug Houses Ltd. for permission to 
publish this work. 
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810. Modified Steroid Hormones. Part V.* 6-Methylandrostane 
Derivatives. 


By M. Ackroyp, (Mrs.) W. J. ApAms, B. ELtis, V. PETRow, 
and (Mrs.) I. A. STUART-WEBB. 


The method developed in Part IV for converting 38-hydroxy-A‘-steroids 
into 6-methyl-3-oxo-A‘-steroids via the 5a : 6a-epoxides has been employed 
to prepare the 6-methyl derivatives of androstenedione, testosterone, and 
17a-methyl- and 17a-ethynyl-testosterone. 


In Part IV methods were recorded for the conversion of 3$-hydroxy-A®-steroids into 
6-methyl-3-oxo-A®-steroids via (i) the 38-hydroxy-5a : 6«-epoxides, (ii) the 6$-hydroxy- 
3 : 5-cyclosteroids, and (iii) the 38-hydroxy-5« : 68-bromohydrins. In addition, 6a- and 
68-methylprogesterone were prepared. An extension of this work to the partial synthesis 
of some 6-methyl homologues of androstane, using 5« : 6«-epoxides as starting materials, 
is now reported.t 

Androst-5-ene-38 : 178-diol was converted into 38: 17$-diacetoxy-5a : 6«-epoxy- 
androstane,! which gave 3: 17$-diacetoxy-6$-methylandrostan-5«-ol (I; R= R’ = 
—-H, —OAc) on reaction with methylmagnesium iodide followed by acetylation. De- 
hydration by Darzens’s method yielded 38: 178-diacetoxy-6$-methylandrost-4-ene 
(II; R = R’ =H, —OAc, R” = -——H, —Me), which was hydrolysed by alcoholic potas- 
sium hydroxide to the corresponding diol. The concomitant formation of the isomeric 
A®-compound (III; R = R’ = --H, —OAc) by dehydration of the diacetate (I; R = R’ = 
---H, —OAc) could not be established (cf. the results of Fieser and Rigaudy ? on the Darzens 
dehydration of 38-acetoxy-5«-hydroxy-6$-methylcholestane). Oxidation of the last 
compound with manganese dioxide * gave the required 68-methyltestosterone (II; R =:0O, 
R’ = ---H, -OH, R” =---H, ~—Me), smoothly converted by hot methanolic potassium 
hydroxide * * into the thermodynamically more stable 6«-methyltestosterone (II; R = °0, 
R’ = —H, -OH, R” = ~Me, -#). 

Oxidation of 68-methyltestosterone with the chromic acid—pyridine complex furnished 
68-methylandrost-4-ene-3 : 17-dione (II; R= R’ =:O, R” =--H, —Me), which was 
epimerised by alkali to 6a-methylandrost-4-ene-3 : 17-dione (II; R= R’ =:0O, R” = 
---Me, —H), also obtained by oxidation of 6x-methyltestosterone. 

A 6&-methylandrost-4-ene-3 : 17-dione was described by Madaeva ef al.1 in 1940. 
The Russian workers oxidised 68-methylandrostane-38 : 5«:176-triol (I; R= R’ = 
---H, -OH) with chromium trioxide in acetic acid to the impure diketone (I; R = R’ = :O), 
which was dehydrated with hydrogen chloride in chloroform solution to the 6&-methy]l- 
androstenedione. We have repeated these experiments and find that the product so 
formed is identical with our 6a-methyl isomer (II; R = R’ =:O, R” =~--Me, —H), 
dehydration to the enedione evidently being accompanied by inversion at C@. The «- 
isomer was likewise obtained when dehydration was effected with aluminium ¢ert.-butoxide 
in toluene. Thionyl chloride in pyridine, in contrast, furnished the $-epimer (II; R = 
R’ = :O, R” =-—H, —Me). Oppenauer oxidation of the triol (I; R = R’ = --H, —OH), 
followed by treatment of the product with chromium trioxide—pyridine, surprisingly 
afforded 68-methylandrost-4-ene-3 : 17-dione, although in low yield. 

* Part IV, preceding paper. 


t+ A preliminary communication by Ringold, Batres, and Rosenkranz (J. Org. Chem., 1957, 22, 99) 
appeared when the present work was in typescript and covers some common ground. 


1 Madaeva, Uschakov, and Koscheleva, J. Gen. Chem. (U.S.S.R.), 1940, 10, 213; Chem. Abs., 1940, 
34, 7292. 

2 Fieser and Rigaudy, J. Amer. Chem. Soc., 1951, 78, 4660. 

3 Sondheimer, Amendolla, and Rosenkranz, ibid., 1953, 75, 5930. 

* Cf. Turner, ibid., 1952, 74, 5362. 

5 Burn, Ellis, Petrow, Stuart-Webb, and Williamson, J., 4092. 
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178-Methylandrost-5-ene-38 : 176-diol (IV; R= Me, R’ =H) was converted into 
38-acetoxy-5« : 6a-epoxy-17a-methylandrostan-17$-ol,* which proved to be a more 
soluble and convenient intermediate than the corresponding alcohol (V; R = Me, R’ = H). 
Reaction with methylmagnesium iodide gave 68 : 17a-dimethylandrostane-3 : 5a : 178- 
triol (VI; R = Me, R’ = --H, —OH), which was oxidised to 5a : 178-dihydroxy-68 : 17«- 
dimethylandrostan-3-one (VI; R = Me, R’ =:0). Reaction of the last compound with 
hot ethanol containing a trace of hydrochloric acid, or with aluminium /ert.-butoxide in 
toluene, or warming its semicarbazone with acetic acid and subsequently regenerating the 
oxo-group, led to the formation of an «$-unsaturated ketone assigned the constitution of 
178-hydroxy-6« : 17«-dimethylandrost-4-en-3-one (VII; R=Me, R”’ =--Me, —H). 
The same compound was also obtained by Oppenauer oxidation of 68 : 17a-dimethyl- 
androstane-38 : 5a: 178-triol (VI; R = Me, R’ =~---H, —OH). Its formulation as the 
6«-methy] derivative followed from its stability to potassium ¢ert.-butoxide and its altern- 
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ative formation from the corresponding 36-hydroxy-6-methyl-A®*-derivative (see Part V1). 

Oxidation of 38-acetoxy-17«-ethynylandrost-5-en-178-ol? (IV; R = CCH, R’ = Ac) 
with monoperphthalic acid gave the 5a: 6«-epoxide (V; R = CiCH, R’ = Ac) with a 
small quantity of the 58: 6$-epoxide. The 5: 6«-epoxide was converted into 17a- 
ethynyl-68-methylandrostane-38 : 5« : 178-triol (VI; R =C:iCH, R’ = --H, —OH) and 
thence into the 3-one (VI; R=CiCH, R’ =:0). Oppenauer oxidation of the triol 
(VI; R =C:CH, R’ =---H, -OH) was accompanied by dehydration with formation of 
68-methylethisterone (VII; R = Ci}CH, R’ = ---H, Me), isomerised by ethanolic potash 
or hydrochloric acid into the 6a-methyl epimer (VII; R = C?CH, R’ = ~-Me, —H). The 
last compound was also obtained by heating the ketone (VI; R = C?CH, R’ = :O) with 
ethanolic hydrochloric acid. Attempted dehydration of the ketone (VI; R =-C:CH, 
R’ = °O) by Darzens’s method led to the formation of the sulphite (VIII), also formed 
from 68-methylethisterone under similar conditions. 


* Julia and Heusser, Helv. Chim. Acta, 1952, 35, 2080. 
7 Ruzicka and Hofmann, ibid., 1937, 20, 1280. 
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EXPERIMENTAL 


Rotations were measured for CHCI, solution in a 1 dm. tube unless otherwise stated. Ultra- 
violet absorption spectra in propan-2-ol were kindly determined by Mr. M. T. Davies, B.Sc. 
B.D.H. alumina (chromatography grade) was used throughout. 

38 : 178-Diacetoxy-5a : 64-epoxyandrostane was obtained essentially as described by 
Madaeva e¢ al.,1 except that the crude mixed acetates (from 2-9 g.) were purified by chromato- 
graphy on 90 g. of alumina; elution with benzene to ether then gave the required compound, 
m. p. 165°, plates (from methanol). 

38 : 178-Diacetoxy-68-methylandrostan-5a-ol (I; R = R’ =~---H, ~OAc).—The foregoing 
diacetate (4 g.) in benzene (750 ml.) was added to a Grignard mixture prepared from magnesium 
(9-4 g.) and methyl iodide (30 ml.) in ether (150 ml.). The solvent was removed until the 
boiling point reached 78°. Heating was then continued for a further 3 hr. Ice and dilute 
sulphuric acid were added and the product was isolated with ethyl acetate. The residual oil, 
after evaporation of the solvent, was re-acetylated for 1 hr. on the steam-bath with acetic 
anhydride—pyridine (20 ml. of each). After isolation the product was purified by passage in 
benzene through a short column of alumina. It formed needles, m. p. 176°, from acetone— 
hexane (lit.,4 m. p. 176—178°). 

38 : 178-Diacetoxy-68-methylandrost-4-ene (II; R = R’ = ---H, ~OAc, R” = —Me, ---H).— 
38 : 178-Diacetoxy-68-methylandrostan-5a-ol (1-55 g.) in dry pyridine (9 ml.) was treated at 0° 
with thionyl chloride (0-45 ml.)._ After 5 min. at 0°, water was added and the product isolated 
with ether. Purification from aqueous methanol gave 38 : 178-diacetoxy-68-methylandrost-4-ene, 
needles, m. p. 123—124°, [a]?* —43° (c 0-318) (Found: C, 74-0; H, 9-5. C,,H;,O, requires 
C, 74-2; H, 9-3%). The compound gave a positive Rosenheim test for a A*-steroid. 

66-Methylandrost-4-ene-38 : 178-diol (II; R = R’ =~---H, —OH, R” =~---H, —Me).—The 
foregoing diacetate (900 mg.) was refluxed for 30 min. with N-potassium hydroxide (135 ml. 
in 95% ethanol). Purification from aqueous methanol gave 68-methylandrost-4-ene-38 : 176- 
diol hemihydrate, needles, m. p. 195—200° (variable), [a]? + 28° (c 0-302) (Found: C, 76-9; 
H, 10-3. C,,H;,0.,3H,O requires C, 76-7; H, 10-5%). The dipropionate, needles or plates 
from aqueous methanol, had m. p. 95°, [a]?? —41° (c 0-406) (Found: C, 75-0; H, 9-6. C,H, 0, 
requires C, 75-0; H, 9-6%). 

178-Hydroxy-68-methylandrost-4-en-3-one (II; R = 20, R’ = ---H, -OH, R” = ---H, —Me).— 
The foregoing diol (600 mg.) in dry benzene (120 ml.) was shaken for 72 hr. at room temperature 
with freshly prepared manganese dioxide (4 g.). The manganese dioxide was filtered off 
through “ Hyflo,’”” which was washed with much hot benzene. The benzene filtrate and wash- 
ings were washed with dilute hydrochloric acid, dilute sodium carbonate solution, and water, 
dried, and evaporated. The residue, crystallised from acetone—hexane, gave 178-hydroxy-68- 
methylandrost-4-en-3-one,* needles, m. p. 212—214°, [a]? +57° (c 0-837), Amax, 241—242 my 
(log « 4:19) (Found: C, 79-8; H, 9-9. Calc. for C,g,H;,0,: C, 79-5; H, 99%). The acetate 
formed needles, m. p. 155—156°, [a]3* +46° (c 0-312) (Found: C, 76-7; H, 9-2. C,,H;,0, 
requires C, 76-7; H, 9-3%), from acetone—hexane. 

178-Hydroxy-6a-methylandrost-4-en-3-one (II; R = :O, R’ = ---H, -OH, R” = ---H, —Me).— 
178-Hydroxy-68-methylandrost-4-en-3-one (100 mg.) was heated under reflux for 20 hr. in an 
atmosphere of nitrogen, with potassium hydroxide (400 mg.) in water (4 ml.) and methanol 
(36 ml.). After dilution with water and acidification with acetic acid the product was isolated 
with ether. Crystallisation from acetone—hexane gave 17$-hydroxy-6«-methylandrost-4-en- 
3-one,® needles, m. p. 154°, [a]% +-90° (c 0-340), Amax. 241 mu (log e 4-2) (Found: C, 79-3; H, 10-0. 
Calc. for Cy9H,,0,: C, 79-5; H, 9-9%). The acetate formed needles, m. p. 140°, [a]? + 84° 
(c 0-28) (Found: C, 76-1; H, 9-3. C,,H,,0, requires C, 76-7; H, 9-3%), from acetone—hexane. 

6a-Methylandrost-4-ene-3 : 17-dione (II; R = R’ =:0, R” =~---Me, —H).—17$-Hydroxy- 
6a-methylandrost-4-en-3-one (100 mg.) was dissolved in pyridine (2 ml.) and left overnight at 
room temperature with the pyridine—-chromic acid complex prepared from pyridine (2 ml.) and 
chromium trioxide (100 mg.). Hot benzene was added and the mixture filtered through 
“ Hyflo.”” The benzene filtrate was washed with dilute hydrochloric acid, dilute sodium 
carbonate solution, and water, dried, and evaporated. The residue, crystallised from acetone— 
hexane, gave 6«-methylandrost-4-ene-3 : 17-dione,* needles or prisms, m. p. 167—168°, [a]? 
+ 172° (c 0-344) (Found: C, 79-7; H, 9-4. Calc. for C,,H,,0,: C, 80-0; H, 9-3%). Madaeva 


® Ringold, Batres, and Rosenkranz, J. Org. Chem., 1957, 22, 99. 
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et al.' give m. p. 167°, but no rotation, for a 6-methyl compound with configuration at C;.) 
unspecified. 

68-Methylandrost-4-ene-3 : 17-dione (II; R = R’ = ‘0, R” =~---H, —Me).—17$-Hydroxy- 
68-methylandrost-4-en-3-one (200 mg.) was oxidised by the chromic acid—pyridine complex. 
Crystallisation from acetone-hexane gave 68-methylandrost-4-ene-3 : 17-dione,® needles or 
prisms, m. p. 212—213°, [a)?? + 141° (c 0-356), Amax, 240 my (log « 4-2) (Found: C, 79-6; H, 9-7. 
Calc. for C,,H,,0,: C, 80-0; H, 9-3%). 

6a-Methylandrost-4-ene-3: 17-dione (Il; R=R’=:0, R” ---Me, ~H).—The fore- 
going 68-methyl compound (25 mg.) was isomerised by heating it under reflux for 19 hr. under 
nitrogen with methanol (9 ml.), potassium hydroxide (100 mg.), and water (1 ml.). Isolation 
with ether followed by crystallisation from acetone—hexane gave 6«-methylandrost-4-ene-3 : 17- 
dione, m. p. 167—168°, not depressed on admixture with the compound prepared by the 
alternative route (above). 

68-Methylandrostane-38 : 5a: 178-triol (I; R = R’ = ---H, —OH).—The diacetate (I; R = 
R’ = ~--H, —OAc) (6-03 g.) in methanol (300 ml.) was hydrolysed with potassium hydroxide 
(1-8 g.) in water (33 ml.) at 50—55° for 4 hr. Water was added and the precipitated solids 
were collected. Crystallisation from aqueous methanol gave 68-methylandrostane-38 : 5a : 178- 
triol, m. p. 112—115°. Madaeva et al.' give m. p. 117—120°. 

5a-Hydroxy-68-methylandrostane-3 : 17-dione (I; R = R’ = 20).—The foregoing triol (2-57 
g. crude), dissolved in acetic acid (100 ml.), was cooled to <10°. Chromium trioxide (2-5 g.) 
in acetic acid (40 ml.) and water (10 ml.) was added during 20 min., the temperature being 
kept between 10° and 15°. The mixture was stirred at room temperature for a further 2} hr. 
Methanol was added, and most of the acetic acid was removed under reduced pressure. 
Isolation with ethyl acetate gave 5a-hydroxy-6$-methylandrostane-3 : 17-dione, needles, 
m. p. 226—227°, [a]% +68° (c 0-324), after crystallisation from acetone-hexane. Madaeva 
et al. give m. p. 187—188°. Both of the secondary hydroxyl groups had been oxidised in our 
product because the compound was recovered unchanged after being heated on the steam-bath 
for 1 hr. with acetic anhydride—pyridine. 

6a-Methylandrost-4-ene-3 : 17-dione (II; R = R’ = 20, R” = ---Me, —H).—(a) 5a-Hydroxy- 
62-methylandrostane-3 : 17-dione (400 mg.) in dry toluene (40 ml.) was slowly distilled until a 
few ml. of solvent had been removed. A solution of aluminium #er?.-butoxide (800 mg.) in 
toluene (10 ml.) was added and the distillation continued for a further 25 min. Rochelle salt 
solution was added and the product isolated with ether. The residue, after evaporation of 
the ether, was passed in benzene through a short column of alumina. Crystallisation from 
acetone—hexane then gave 6a-methylandrost-4-ene-3 : 17-dione, m. p. 167—168°, not depressed 
when mixed with a sample prepared as above. 

(b) 5a-Hydroxy-68-methylandrostane-3 : 17-dione (60 mg.) in chloroform (5 ml.) was treated 
with dry hydrogen chloride for 1 hr. at 0°. The product was isolated with chloroform. Crystal- 
lisation from acetone—hexane gave a compound identical (m. p. and mixed m. p.) with that 
prepared as under (a) above. 

68-Methylandrost-4-ene-3 : 17-dione (II; R = R’ = 20, R” = ---H, —Me).—(a) 5a-Hydroxy- 
66-methylandrostane-3 : 17-dione (200 mg.) in dry pyridine (3 ml.) at 0° was treated with 
thiony! chloride (0-12 ml.) for 5 min. Crystallisation of the product from acetone—hexane gave 
68-methylandrost-4-ene-3 : 17-dione identical (m. p. and mixed m. p.) with the sample prepared 
as above. 

(b) 68-Methylandrostane-38 : 5« : 178-triol (820 mg.) in cyclohexanone (10 ml.) and toluene 
(8 ml.) was heated under reflux for 2 hr. with aluminium #ert.-butoxide (1 g.). Isolation of 
the product with benzene gave an oil which was added in pyridine (8 ml.) at 5° to the pyridine— 
chromic acid complex prepared from pyridine (8 ml.) and chromium trioxide (800 mg.). The 
mixture was left overnight at room temperature, and worked up with hot benzene (as above), 
to give an oil. This was chromatographed in benzene on alumina (25 g.). From the benzene 
eluates was obtained 68-methylandrost-4-ene-3 : 17-dione, m. p. 206—208°, identical with the 
compound prepared as in (a) above. 

3B-A cetoxy-5a : 6a-epoxy-17a-methylandrostan-178-ol (V; R = Me, R’ = Ac) (cf. Julia and 
Heusser *).—A solution of 17«-methylandrost-5-ene-38 : 178-diol (10 g.) in ether (500 ml.) and 
chloroform (300 ml.) was treated at —10° with a solution of monoperphthalic acid in ether 
(300 ml. containing 0-03913 g./ml.). The mixture was left at 0° for 30 hr. and at room tem- 
perature for 64hr. The precipitated solids were collected, washed with dilute sodium carbonate 
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solution, dried, and acetylated with acetic anhydride—pyridine overnight at room temperature. 
The product obtained (7-4 g.) was chromatographed on alumina (200 g.). From the benzene- 
ether (4:1) to ether eluates, 38-acetoxy-5a : 6a-epoxy-17«-methylandrostan-178-ol was ob- 
tained, m. p. 167—169°, after purification from acetone-hexane. Julia and Heusser ® give 
m. p. 167—168°. The same compound was obtained by a similar reaction on 38-acetoxy-17«- 
methylandrost-5-en-17-ol. 

68 : 17a-Dimethylandrostane-38 : 5a: 178-triol (VI; R = Me, R’ = ---H, ~-OH).—The fore- 
going compound (3 g.) in benzene (200 ml.) was added to a Grignard solution prepared from 
magnesium (7-05 g.) and methyl iodide (25 ml.) in ether (120 ml.). Solvent was removed by 
distillation until the temperature of the distillate reached 78°. Refluxing was continued for 
3 hr., then ammonium chloride solution was added at 0°. The precipitated solids were collected, 
dried, and crystallised from ethyl acetate. 68 : 17a-Dimethylandrostane-38 : 5a : 17{-triol § 
formed plates, m. p. 212—215° or 229°, [«]# —37° (c 0-313 in EtOH) (Found:~C, 74-7; H, 10-4. 
Calc. for C,,H,,0,: C, 75-0; H, 10-7%). Alternatively the crude solid product was acetylated 
overnight at room temperature with acetic anhydride—pyridine, and purified by chromatography. 
From the ether to ether—acetone eluates was obtained the 3-acetate (crude m. p. 150°), which 
was hydrolysed for 1 hr. under reflux with potassium carbonate in aqueous methanol. The 
triol obtained was identical with the compound isolated by the former method. The 3-mono- 
acetate, had m. p. 156—157°, [a]?? —51° (c 0-500) (Found: C, 73-3; H, 10-2. C,,H,,0, requires 
>, 73-0; H, 10-1%), after purification from acetone—hexane. When this acetate was crystallised 
from aqueous methanol a hemthydrate was obtained, m. p. 99—110° (Found: C, 71-1; H, 10-0. 
C,,;H;,0,,}H,O requires C, 71-3; H, 10-1%). 

5a : 178-Dihydroxy-68 : 17a-dimethylandrostan-3-one (VI; .R =Me, R’ = °:O).—68: 172- 
Dimethylandrostane-38 : 5a : 178-triol (500 mg.) was dissolved in acetic acid (100 ml.) and 
left at room temperature for 17 hr. with potassium chromate (1-6 g.) in water (6 ml.)._ Methanol 
was added, and most of the solvents removed under reduced pressure. Water was added and 
the product isolated with chloroform. Crystallisation from acetone—hexane gave 5x : 17$- 
dihydroxy-68 : 17«-dimethylandrostan-3-one,® m. p. 255°, [a]?? —29° (c 0-291) (Found: C, 74-7; 
H, 10-0. Calc. for C,,H,,0,: C, 75-4; H, 10-2%). 

178-Hydvoxy-6a : 17a-dimethylandrost-4-en-3-one (VII; R =Me, R’ =---Me, ~H).—(a) 
The foregoing compound (35 mg.) in ethanol (20 ml.) was heated under reflux for 35 min. with 
concentrated hydrochloric acid (3 drops). Water was added and the product isolated with 
ether. It was purified by passage in benzene through a short columnofalumina. Crystallisation 
of the product from ether-hexane gave 17$-hydroxy-6« : 17«-dimethylandrost-4-en-3-one,® 
m. p. 134—135°, [a]? + 49° (c 0-421 in EtOH), Amax, 241 my (log ¢ 4-18) (Found: C, 79-3; 
H, 10-1. Calc. for C,,H;,0,: C, 79-7; H, 10-1%). 

(b) 5a : 178-Dihydroxy-68 : 17«-dimethylandrostan-3-one (700 mg.) in toluene (110 ml.) was 
heated under reflux for 1 hr. with aluminium #ert.-butoxide (1-4 g.). The product was passed 


‘in benzene through a short column of alumina. Crystallisation gave a compound identical in 


all respects with that prepared as under (a). 

(c) 5« : 178-Dihydroxy-68 : 17«-dimethylandrostan-3-one (1-1 g.) in methanol (55 ml.) was 
heated under reflux for 1-5 hr. with semicarbazide hydrochloride (0-83 g.) and anhydrous 
sodium acetate (0-66 g.). The solution was evaporated to half its volume, and then poured 
into water. The semicarbazone separated as a white solid (0-91 g.), m. p. 185—195°, Amax. 
228—229 my (log e 4-12), 271—-272 my (log « 3-5). The latter absorption was presumably due 
to a small amount of the semicarbazone of the 3-oxo-A‘-compound. The semicarbazone 
(0-91 g.) in ethanol (45 ml.) was heated under reflux with acetic acid (5 ml.) for 2} hr. Water 
was added and the precipitated solids (0-75 g.) [Amax, 271 my (log e 4-36) in EtOH] were collected, 
dissolved in acetic acid (28 ml.), and left at room temperature for 24 hr. in an atmosphere of 
carbon dioxide with p-hydroxybenzaldehyde (3-2 g.) in water (12 ml.). Water (200 ml.) was 
added and the product isolated with ether. The ethereal extracts were washed with 2% aqueous 
sodium carbonate solution until just alkaline, and then with N-hydrochloric acid, sodium 
hydrogen carbonate solution, and water. The residue left after evaporation of the ether was 
purified by passage in benzene through a short column of alumina. Crystallisation from ether-— 
hexane gave the product, m. p. 128—131°, identical with that prepared as in (a) above. 

(d) The triol (VI; R = Me, R’ = ---H, —OH) (1-2 g.) in cyclohexanone (8-2 ml.) was heated 
under reflux for 45 min. with aluminium #ert.-butoxide (1-1 g.) in toluene (5 ml.). The product 
was isolated with ether and chromatographed in benzene solution on alumina (35 g.). From 
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the benzene-ether (2: 1) through to ether-acetone (9: 1) eluates was obtained 176-hydroxy- 
6a : 17a-dimethylandrost-4-en-3-one, identical with the compound prepared previously. 

5a: 6a- and 58: 68-Epoxides derived from 38-Acetoxy-17a-ethynyl-170-hydroxyandrost- 
5-ene.—38-Acetoxy-17a-ethynyl-17$-hydroxyandrost-5-ene (25 g.) in chloroform (250 ml.) was 
treated for 18 hr. at 0° with monoperphthalic acid (17-5 g.) in ether (340 ml.). The mixture 
was washed with dilute aqueous alkali and water, then dried and thesolvents wereremoved. The 
residue was fractionated from methanol, and the less soluble fraction purified from the same 
solvent, to give 38-acetoxy-5a : 6a-epoxy-17a-ethynyl-178-hydroxyandrostane, dense needles, m. p. 
235—237°, (a]?? —108° (c 1-37) (Found: C, 74-0; H, 8-6. C,,;H;,O, requires C, 74-2; H, 8-7%). 

The more soluble fraction (3-2 g., m. p. 180—190°) was purified from aqueous ethanol, to 
give the 58 : 68-epoxide, flat needles, m. p. 190°, [a]? —61° (c 1-2) (Found: 74-1; H, 8-9%). 

17a-Ethynyl-68-methyl-38 : 5a: 178-trihydroxyandrostane (VI; R=C:CH, R’ =--H, 
—OH).—The Grignard reagent prepared from magnesium (4-8 g.) and methyl iodide (29 g.) in 
ether (150 ml.) was treated with a solution of the foregoing 5a : 6a-epoxide (6-9 g.) in benzene 
(440 ml.). Solvents were partially removed by distillation until a vapour-temperature of 70° 
was reached, then the mixture was heated under reflux for 5 hr. After cooling and treatment 
with aqueous ammonium chloride, the product was collected by filtration and crystallised from 
aqueous ethanol. The ¢riol separated in needles, m. p. 145—150° (effervescence), raised to 
193—195° after several hours’ heating at 100°, [«]?? —47° (c 0-7 in pyridine) (Found: C, 72-4; H, 
10-2. C,,H,,0,,H,O requires C, 72-5; H, 10-0%). The 38-acetate crystallised from benzene— 
hexane in plates, m. p. 130°, («]?' —59° (c 1-13) (Found: C, 75-0; H, 9-4. C,,H;,O0, requires 
C, 74-2; H, 9-3%). 

5a : 178-Dihydroxy-17a-ethynyl-68-methylandrostan-3-one (VI; R =CiCH, R’ = ‘O).—The 
foregoing triol (1 g.) in pyridine (10 ml.) was added to chromium trioxide (1 g.) in pyridine 
(10 ml.), and the mixture set aside overnight. The product, isolated with ether, crystallised 
from aqueous ethanol to give the ketone, flat needles, m. p. 243—244°, [a]}? — 42° (c 1-14) (Found: 
C, 73-2; H, 9-7. C,.H,,03;,H,O requires C, 72-9; H, 9-4%). 

68-Methylethisterone (VII; R =CiCH, R’ = --H, —Me).—A solution of 17«-ethynyl-68- 
methylandrostane-38 : 5« : 178-triol (4-5 g.) in toluene (180 ml.) and cyclohexanone (40 ml.) was 
distilled until 40 ml. of distillate had collected. After the addition of aluminium isopropoxide 
(2-5 g.) in toluene (10 ml.), the mixture was refluxed for 14 hr., cooled, and washed with dilute 
hydrochloric acid and then with water. The solvents were removed by steam-distillation, and 
the solids obtained were taken into ether. Concentration of the dried extract to small volume 
gave a crystalline solid (2 g.; m. p. 215—217°) which was purified from aqueous ethanol. 
68-Methylethisterone formed dense plates or fine needles, m. p. 223—225°, [a]? — 22° (c 0-8), Amax. 
241-5 my (log « 4-25) (Found: C, 80-5; H, 9-3. C,,H;,O, requires C, 80-9; H, 9-3%). 

6a-Methylethisterone (VII; R = C?CH, R’ = ---Me, —H).—(a) 68-Methylethisterone (1-5 g.) 
and potassium hydroxide (1-5 g.) in 95% ethanol (60 ml.) were heated under reflux for 5 hr. 
The product was extracted with ether, and the washed and dried extract concentrated to low 
bulk; a solid (m. p. 185°) separated. Purified from aqueous methanol, 6a-methylethisterone 
formed dense crystals, m. p. 195—197°, [a]? + 35° (c 0-87), Amax. 241 my (log « 4:19) (Found: 
C, 80-7; H, 9-5. C,.H,,O, requires C, 80-9; H, 9-3%). 

(6) 68-Methylethisterone (8-5 g.) in ethanol (250 ml.) was treated with 6 drops of concen- 
trated hydrochloric acid and the mixture refluxed for 30 min. The product was taken into 
ether (1-5 1.), and the solution washed, dried, and concentrated to low bulk. 6a-Methylethis- 
terone separated in dense crystals, m. p. 195—197°, not depressed on admixture with a specimen 
prepared by method (a) above. 

(ce) Two drops of concentrated hydrochloric acid were added to 5a: 17@-dihydroxy-17«- 
ethynyl-68-methylandrostan-3-one (0-75 g.) in methanol (20 ml.), and the mixture was refluxed 
for 20 min. 6a-Methylethisterone with m. p. 192—195° was obtained. 

The Sulphite (VIII).—(a) 5a : 178-Dihydroxy-17«-ethynyl-68-methylandrostan-3-one (1 g.) 
in pyridine, cooled in ice-salt, was treated with thionyl chloride (0-8 ml.), added dropwise at 
such a rate that the temperature did not rise above 0°. After a further 10 min. at 0° the mixture 
was poured into ice-water and the product isolated with ether. Trituration with a little 
methanol gave material (450 mg.) which was purified from chloroform—methanol. The sulphite 
formed small rhombs, m. p. 200—202° (effervescence), [«]?? —48° (c 0-82), Amax, 241 my (log ¢ 
4-2) (Found: C, 75-2; H, 8-3; S, 4-7. C,H,,0,S requires C, 75-6; H, 8-4; S, 4-6%). 

(b) 68-Methylethisterone (250 mg.) in pyridine (2-5 ml.) was treated with thionyl chloride 
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(0-2 ml.) as described above. The product (80 mg.) had m. p. 200—202°, alone or in admixture 
with a specimen prepared by method (a). 


The authors thank the Directors of The British Drug Houses Ltd. for permission to 
publish this work. 


CHEMICAL RESEARCH LABORATORIES, 
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811. Modified Steroid Hormones. Part VI.1 Further 6-Methyl- 
androstane Derivatives. 


By (Miss) V. GRENVILLE, D. K. PATEL, V. PETRow, (Mrs.) I. A. STUART-WEBB, 
and D. M. WILLIAMSON. 


The preparation of 6«-methyl-3-oxo-A‘-steroids from 6$-hydroxy-3 : 5- 
cyclosteroids and from 38-hydroxy-5«:6$8-bromohydrins developed in 
Part IV ? has been extended to the partial synthesis of 6«-methylandro- 
stenedione. The “‘ bromohydrin route’’ proved unsuitable for the prepar- 
ation of the 6«-methy] derivative of methyltestosterone, which was success- 
fully prepared from a cyclosteroid intermediate. 6a-Methylethisterone was 
prepared by the 3 : 5-cyclosteroid route. 


THE preparation of 6-methylandrostane derivatives by using 5a : 6a-epoxy-38-hydroxy- 
steroids as intermediates was described in Part V.! Their partial synthesis from a 68- 
hydroxy-3 : 5-cyclosteroid and a 38-hydroxy-5« : 68-bromohydrin (cf. Part IV)? forms the 
subject of the present communication. 

38-Toluene-f-sulphonyloxyandrost-5-en-17-one (I; R = :O, R’ = H, R” =---H,-- 
Me:C,H,°SO,°O) was converted into 68-acetoxy-3 : 5-cycloandrostan-17-one ** (II; R = 
-O, R’ =---H, —OAc) and thence by reduction with sodium borohydride and acetylation 
into 68 : 178-diacetoxy-3 : 5-cycloandrostane* (II; R= R’ =---H, —OAc). Oxidation 
of the last compound with chromic acid 5 led to 178-acetoxy-3 : 5-cycloandrostan-6-one * 
(II; R = ---H, —-OAc, R’ = :O), which was not obtained, however, by employing N-bromo- 
acetamide or the chromic acid—pyridine complex ® as oxidant. Reaction with methyl- 
magnesium iodide, followed by acetylation, gave 17$-acetoxy-6&-methyl-3 : 5-cyclo- 
androstan-6€-ol (II; R = ---H, -OAc, R’ = OH, Me), which was converted by acetic— 
sulphuric acid into 38 : 176-diacetoxy-6-methylandrost-5-ene (I; R = R” = ---H, —OAc, 
R’ = Me). Hydrolysis of the last compound with methanolic sodium hydroxide furnished 
6-methylandrost-5-ene-38 : 178-diol (I; R= R’ =---H, —-OH, R’ = Me), which was 
oxidised by the Oppenauer method to 6«-methylandrost-4-ene-3 : 17-dione (V; R = 0). 
Identity of this product with the material described in Part V * (see also ref. 7) provides 
further evidence for the «-configuration assigned to the 6-methy]l substituent. 

Riegel, Dunker, and Thomas ® reported the conversion of 3 : 5-cyclo-68-methoxy- 
structures into 3-iodo-A®-steroids by heating them with methylmagnesium iodide and a 
trace of iodine in xylene solution. We find that 66 : 176-diacetoxy-3 : 5-cycloandrostane 
(II; R = R’ = ---H, —OAc), on reaction with methylmagnesium iodide followed by acetyl- 
ation, gives a product formulated as 17§-acetoxy-3€-iodoandrost-5-ene (I; R = ~---H, 

1 Part V, preceding paper. 

? Burn, Ellis, Petrow, Stuart-Webb and Williamson, J., 1957, 4092. 

3 Wagner, Wolff, and Wallis, J. Org. Chem., 1952, 17, 529; cf. Shoppee and Summers, /., 1952, 
3361, for configuration at C,,) in 3 : 5-cyclo-6-hydroxy-steroids. 

* Butenandt and Surdnyi, Ber., 1942, 75, 591. 

5 Cf. Heilbron, Hodges, and Spring, J., 1938, 759. 


® Poos, Arth, Beyler, and Sarett, J. Amer. Chem. Soc., 1953, 75, 422. 
7 Madaeva, Uschakov, and Koscheleva, J. Gen. Chem. (U.S.S.R.), 1940, 10, 213; Chem. Abs., 1940, 


34, 7292. 


® Riegel, Dunker, and Thomas, J]. Amer. Chem. Soc., 1942, 64, 2115. 
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-OAc, R’ = H, R” =H,I1). The constitution assigned to this compound is supported by 
its conversion on acetolysis with potassium and silver acetates in acetic acid into 38 : 178- 
diacetoxyandrost-5-ene (I; R = R” =---H, —OAc, R’ = H). Reduction of the acetate 
iodide with zinc dust in acetic acid gave an iodine-free product formulated as 17$-acetoxy- 
androst-5-ene ® (I; R = ---H, -OAc, R’ = H, R” = H,). 





R’ (II) 





AcO é 
"OH ai (IV) Me (Vv) 


38 : 178-Diacetoxyandrost-5-ene reacted with hypobromous acid, to give 38 : 178-di- 
acetoxy-5a-bromoandrostan-68-ol (III; R = ---H, —OAc), which was oxidised with the 
chromic acid—pyridine complex and then debrominated, giving 38 : 17$-diacetoxy- 


androstan-6-one #® (IV; R = R” =---H, —OAc, R’ =O). Reaction of the last com- 
pound with methylmagnesium iodide gave 6«-methylandrostane-38 : 68 : 178-triol (IV; 
R = R” =-~H, —OH, R’ = ---Me, —OH) (cf. Fieser and Rigaudy ™ for configuration at 


Cig) in Grignard products of this type), also obtained from 3$-acetoxy-17$-benzoyloxy- 
androst-5-ene (I; R = ---H, -OBz, R’ = H, R” = ---H, —OAc) by the same sequence of 
reactions. Oxidation of the triol with the chromic acid—pyridine complex furnished 68- 
hydroxy-6a-methylandrostane-3 : 17-dione (IV; R = R” =:0, R’ = ---Me, —OH), which 
was dehydrated by formic acid to 6«-methylandrost-4-ene-3 : 17-dione (V; R =O) 
(see above). ‘ 

Extension of the method to the preparation of 6« : 17«-dimethyltestosterone (V; R = 
---Me, -OH) from 38-acetoxyandrost-5-en-17-one proved less successful. The last com- 
pound was converted into the 5a : 68-bromohydrin and thence into 38-acetoxyandrostane- 
6 : 17-dione * (IV; R = R’ =:0, R” = ---H, —OAc). Reaction with methylmagnesium 
iodide furnished 6 : 17a-dimethylandrostane-38 : 68 : 178-triol (IV; R = R’ =---Me, 
-OH, R” =-—-H, —OH), which was oxidised by chromic acid—pyridine to 68 : 178-di- 
hydroxy-6« : 17«-dimethylandrostan-3-one (IV; R = R’ =~---Me, -OH, R” =O). 
Selective dehydration of this compound at C,,), however, could not be realised. 

The required product (V; R = ---Me, —OH) was ultimately obtained via a 68-hydroxy- 
3 : 5-cycloandrostane intermediate. 17$-Acetoxy-3 : 5-cyclo-6-methylandrostan-6£-ol (II; 
R = ~--H, —OAc, R’ = Me, OH) (see above) was hydrolysed to the diol which was oxidised 
by chromic acid—pyridine to 6€-hydroxy-6&-methyl-3 : 5-cycloandrostan-17-one (II; R = 
-O, R’ = Me, OH). Treatment of the last compound with sulphuric-acetic acid at room 
temperature led to 38-acetoxy-6-methylandrost-5-en-17-one (I; R =:0O, R’ = Me, 
R” =---H, —OAc), which was converted into 6: 17a-dimethylandrost-5-ene-38 : 178-diol 
(I; R=--Me, -OH, R’ = Me, R” =~---H, —OH) by methylmagnesium iodide. 

* Marker, Wittle, and Tullar, J. Amer. Chem. Soc., 1940, 62, 223. 

10 MacPhillamy and Scholz, ibid., 1951, 73, 5512. 


ll Fieser and Rigaudy, ibid., 1951, 73, 4660. 
12 Patel, Petrow, and Stuart-Webb, /., 1957, 665. 
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Oppenauer oxidation of the diol gave 17$-hydroxy-6« : 178-dimethylandrost-4-en-3-one 
(V; R =~---Me, —OH) (see ref. 1). 

Additionally 38-hydroxyandrost-5-en-17-one was converted into 68-hydroxy-3 : 5- 
cycloandrostan-17-one * (II; R =‘0, R’ =~---H, —OH), which was oxidised by chromic 
acid to 3 : 5-cycloandrostane-6 : 17-dione *4 (II; R = R’ = <0), also obtained by oxidation 
of 66-acetoxy- and 68-methoxy-3 : 5-cycloandrostan-17-one (cf. ref. 5). Reaction of the 
diketone with methylmagnesium iodide, however, gave a mixture which failed to yield a 
homogeneous product either directly or after treatment with sulphuric-acetic acid. 

The 3: 5-cyclo-steroid route was also applied to the preparation of 17«-ethynyl-176- 
hydroxy-6«-methylandrost-4-en-3-one (V; R = ~—OH, ---C=CH). 17a-Ethynyl-3 : 5-cyclo- 
androstane-68 : 178-diol 4% (II; R =~-OH, ---C=CH, R’ = ---H, —OH) was oxidised by 
pyridine-chromic acid to 17a-ethynyl-17$-hydroxy-3 : 5-cycloandrostan-6-one which with 
methylmagnesium iodide gave 17-ethynyl-6€-methyl-3 : 5-cycloandrostane-6€ : 176-diol. 
Acid rearrangement of the latter furnished 38-acetoxy-17«-ethynyl-6-methylandrost-5-en- 
178-ol (I; R = —OH, ---C=CH, R’ = Me, R” = ---H, —OAc), which on alkaline hydrolysis 
followed by Oppenauer oxidation gave the required 172-ethynyl-17$-hydroxy-6a-methyl- 
androst-4-en-3-one (V; R = —OH, ---C=CH). 

Inter alia, 178-benzoyloxyandrost-5-en-38-ol (I; R =---H, -OBz, R’ =H, R” = 
---H, -OH) was converted into the toluene-p-sulphony]l derivative but this failed to undergo 
the 3: 5-cyclosteroid rearrangement. 68-Acetoxy-17$-benzoyloxy-3 : 5-cycloandrostane 
(II; R=--H, -OBz, R’ =--H, —OAc) was obtained, however, by reduction of 68- 
acetoxy-3 : 5-cycloandrostan-17-one (II; R =‘°O, R’ =~---H, —OAc) (above) with sodium 
borohydride, followed by benzoylation, but the overall yield was too low to justify this 
approach to the 6-methy] structure. 


EXPERIMENTAL 


Rotations were determined for CHCl, solutions in a 1 dm. tube unless otherwise stated. 
Alumina (B.D.H., chromatography grade) was used. 

68 : 178-Diacetoxy-3 : 5-cycloandrostane (II; R = R’ =---H, ~—OAc).—68-Acetoxy-3 : 5- 
cycloandrostan-17-one * (3-4 g.) in methanol (100 ml.) was left at 0° for 2 hr. with sodium boro- 
hydride (500 mg.). Water was added and the product isolated with ether—chloroform as a 
sticky solid which was acetylated overnight at room temperature with acetic anhydride— 
pyridine. 68: 178-Diacetoxy-3 : 5-cycloandrostane crystallised from methanol in prisms, m. p. 
127—129°, [«]?? +36° (c 1-03) (Found: C, 73-7; H, 9-1. Calc. for C,;H,,0,: C, 73-8; H, 
9-1%) (Wagner et al.3 give m. p. 128°, [«]?® +42°). 

178-Acetoxy-3 : 5-cycloandrostan-6-one (II; R =~---H, —OAc, R’ = :O).—The foregoing 
diacetate (1 g.) in acetic acid (25 ml.) was left at room temperature for 20 hr. with chromium 
trioxide (300 mg.) in aqueous acetic acid (10 ml. of 90%). Methanol was added and the product 
isolated with ether. Crystallisation from aqueous methanol or pentane gave 17-acetoxy-3 : 5- 
cycloandrostan-6-one, prisms, m. p. 114—116° (Found: C, 75-7; H, 8-9. Calc. for C,,H3,0,: 
C, 76-4; H, 9-1%). Butenandt and Suranyi ‘* gave m. p. 109—110°. The compound formed a 
yellow 2 : 4-dinitrophenylhydrazone. 

178-A cetoxy-6&-methyl-3 : 5-cycloandrostan-6€-ol (II; R =---H, —OAc, R’ = OH, Me).— 
178-Acetoxy-3 : 5-cycloandrostan-6-one (3-1 g.) in ether (30 ml.) was added to a Grignard 
solution prepared from magnesium (2 g.) and methyl iodide (11 ml.) in ether (50 ml.). The 
mixture was heated under reflux for 1 hr., then decomposed with ammonium chloride solution. 
The product was isolated with ether, and the crude residue acetylated in the usual way. The 
resulting compound was purified by trickling through a short column of alumina in benzene— 
hexane (1: 1), 178-acetoxy-6&-methyl-3 : 5-cycloandrostan-6€-ol being obtained in needles, m. p. 
114—116°, [a] + 25° (c 0-94) (Found: C, 76-5; H, 9-9. C,,H,,O, requires C, 76-3; H, 9-8%), 
after crystallisation from pentane. The compound did not form a 2: 4-dinitrophenylhydrazone 
and did not give a yellow colour with tetranitromethane. 

38 : 178-Diacetoxy-6-methylandrost-5-ene (I; R = R” =---H, ~OAc, R’ = Me).—The fore- 
going product (2-8 g.) in acetic acid (50 ml.) was left at room temperature for 18 hr. with 


18 Ruzicka and Muhr, Helv. Chim. Acta, 1944, 27, 503. 








4108 Grenville, Patel, Petrow, Stuart-Webb, and Williamson: 


sulphuric acid (1 ml.). Water was added and the product was isolated with ether. It was 
passed through a short column of alumina in benzene—hexane (1: 4), and crystallised from 
methanol to give 38 : 178-diacetoxy-6-methylandrost-5-ene, leaflets, m. p. 125—127°, [a]?? —82° 
(¢ 1-02) (Found: C, 74:1; H, 9-3. C,,H,,O, requires C, 74-2; H, 9-3%). The compound gave 
a positive tetranitromethane test. 

6-Methylandrost-5-ene-38 : 178-diol (I; R = R” =---H, —OH, R’ = Me).—The above di- 
acetate (2-8 g.) in methanol (125 ml.) was heated on a steam-bath for 15 min. with sodium 
hydroxide (3 g.) in water (125 ml.). The product was isolated with ether—-methylene chloride 
and purified from methanol, giving 6-methylandrost-5-ene-38 : 178-diol hemihydrate, needles, 
m. p. 204—206°, [a]?? —65° (c 1-03) (Found: C, 76-4; H, 10-6. C, 9H;,0,,4H,O requires C, 
76-7; H, 10-5%). 

6a-Methylandrost-4-ene-3 : 17-dione (V; R = <O).—The foregoing diol (600 mg.) in cyclo- 
hexanone (12 ml.) and toluene (20 ml.) was heated until 10 ml. of distillate had 
collected. Aluminium #ert.-butoxide (3 g.) in toluene (10 ml.) was added and the mixture 
refluxed for 24 hr. Rochelle salt solution was added, and the mixture was steam-distilled for 
8 hr. The product was isolated with ether, and the resulting oil was chromatographed in 
hexane—benzene (4:1) on alumina (15 g.). From the hexane—benzene (4:1) to hexane— 
benzene (1:.1) eluates was obtained 6a-methylandrost-4-ene-3 : 17-dione, m. p, 163—167°, 
[a}#* +175° (c 0-866), identical with the compound described previously." ” 

Attempts to oxidise the foregoing diol by the reaction sequence bromination, chromic acid 
oxidation, debromination, and rearrangement to a A‘-ketone gave only an oil. 

178-A cetoxy-3&-iodoandrost-5-ene (I; R = ---H, —OAc, R’ = H, R” = I, H).—68: 178-Di- 
acetoxy-3 : 5-cycloandrostane (1 g.) in ether (50 ml.) was added to a Grignard solution prepared 
from magnesium (1 g.) and methyl iodide (5-5 ml.) in ether (50 ml.). The mixture was heated 
under reflux for 1 hr., then aqueous ammonium chloride solution was added and the product 
isolated with ether. The crude residue was reacetylated and then crystallised from methanol, 
to give 178-acetoxy-3€-iodoandrost-5-ene, needles, m. p. 148—150°, [a]? —30° (c 0-964) (Found: 
C, 56-9; H, 7-2; I, 30-4. C,,H;,0,I requires C, 56-9; H, 7-0; I, 28-7%). The compound gave 
a positive tetranitromethane test. 

178-A cetoxyandrost-5-ene (I; R =H, —OAc, R’ = H, R” = H,).—The foregoing iodo- 
compound (1-2 g.) in acetic acid (20 ml.) was heated on a steam-bath for 1 hr. with zinc dust 
(2-5 g.). The zinc was filtered off, water was added to the filtrate and the product was isolated 
with ether. It was chromatographed in light petroleum (b. p. 40—60°) on alumina (20 g.). 
Elution with this solvent gave 178-acetoxyandrost-5-ene, leaflets, m. p. 132—135°, [a]?? —89° 
(c 0-896) (Found: C, 79-3; H, 9-8. Calc. for C,,H,,0,: C, 79-8; H, 10-1%), after crystallis- 
ation from methanol. Marker et al.® give m. p. 133—135°. The compound gave a yellow colour 
with tetranitromethane. 

38 : 178-Diacetoxyandrost-5-ene (I; R = R” = ---H, —OAc, R’ = H).—The iodo-compound 
(500 mg.) in acetic acid (20 ml.) was heated under reflux for 1 hr. under nitrogen with silver 
acetate (400 mg.) and potassium acetate (4 g., freshly prepared). Water and chloroform were 
added and the mixture filtered through kieselguhr. The chloroform was separated, washed 
neutral, dried, and evaporated, to give 38 : 178-diacetoxyandrost-5-ene, m. p. and mixed m. p. 
152—154°. 

38 : 178-Diacetoxy-5a-bromoandrostan-6B-ol (III; R =—---H, —OAc).—38: 178-Diacetoxy- 
androst-5-ene (18-75 g.) in dioxan (250 ml.) was stirred for 30 min. at room temperature with 
N-bromoacetamide (10 g.) in water (15 ml.) and perchloric acid (3-5 ml. of a 70% solution) in 
water (15 ml.). After isolation with ether, and crystallisation from acetone—hexane—chloroform, 
38 : 178-diacetoxy-5a-bromoandrostan-68-ol (22-1 g.) formed needles, m. p. 159°, [a]?? —58° (c 
0-442) (Found: C, 59-1; H, 7-7; Br, 16-7. C,,;H,,0,Br requires C, 58-6; H, 7-4; Br, 17-1%). 

38 : 178-Diacetoxyandrostan-6-one (IV; R = R” =~--H, —OAc, R’ = :O).—The foregoing 
compound (10 g.) in pyridine (100 ml.) was left overnight at room temperature with the chromic 
acid—pyridine complex prepared from chromic acid (10 g.) and pyridine (100 ml.). Hot benzene 
was added and the mixture filtered through Hyflo which was washed well with hot benzene. 
The benzene extracts were washed with water, dried, and evaporated. The residue crystallised 
from acetone—hexane in needles, m. p. 190—191° (7-2 g.). It was immediately debrominated by 
stirring it with zinc dust (7-5 g.) in acetic acid (150 ml.) for 1 hr. on the steam-bath. The zinc 
was removed by filtration and the product isolated with ether. Crystallisation from acetone— 
hexane gave 38 : 178-diacetoxyandrostan-6-one, prisms, m. p. 177—179°, [a]?? —42° (c¢ 0-584) 
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(Found: C, 70-5; H, 8-7. Calc. for C,,H;,0,;: C, 70-7; H, 8-7%). MacPhillamy and Scholz 
give m. p. 177—178°, [«]?* —37°. 

6a-M ethylandrostane-38 : 68: 178-triol (IV; R = R” = ---H, —OH, R’ = ---Me, —OH).— 
38 : 178-Diacetoxyandrostan-6-one (6 g.) in benzene (200 ml.) was added to a solution of methyl- 
magnesium iodide prepared from magnesium (4 g.) and methyl iodide (22 g.) in ether (100 ml.). 
The mixture was heated under reflux for 5 hr., cooled, and decomposed with ammonium chloride 
solution. Isolation with benzene-ether gave a crude product which was dissolved in 95% 
aqueous methanol (200 ml.) and heated under reflux for 1 hr. with potassium hydroxide (6 g.). 
Part of the methanol was removed under reduced pressure, water was added, and the 
product isolated with ether. Crystallisation from acetone—hexane gave 6«-methylandrostane- 
38 : 68 : 178-triol, needles, m. p. 242—246°, [a]? —73° (c 0-396) (Found: C, 74-3; H, 10-2. 
C. 9H ,O; requires C, 74-3; H, 10-6%). 

The same triol was prepared from 38-acetoxy-178-benzoyloxyandrost-5-ene via the following 
intermediates (crystallised from acetone—hexane) : 

38-A cetoxy-178-benzoyloxy-5a-bromoandrostan-68-ol (III; R = ---H, —OBz), needles, m. p. 
166—167°, [a]?? —3° (¢ 0-362) (Found: C, 62-1; H, 7-2; Br, 15-1. C,,H,,0,;Br requires C, 
63-0; H, 7-0; Br, 15-0%). 

38-A cetoxy-178-benzoyloxy-5a-bromoandrostan-6-one, m. p. 159—160°, [a]? —9° (c 0-310) 
(Found: C, 63-3; H, 6-7; Br, 14-8. C,,H,;,0,Br requires C, 63-3; H, 6-6; Br, 15-1%). 

38-A cetoxy-178-benzoyloxyandrostan-6-one, needles, m. p. 187—188°, [a]?? +10° (c, 0-414) 
(Found: C, 73-7; H, 7-9. C,,H,,O, requires C, 74-3; H, 7-9%). 

A Grignard reaction on the last compound gave, after hydrolysis, the triol identical with the 
compound prepared as above. 

68-Hydroxy-6a-methylandrostane-3 : 17-dione (IV; R = R” = 0, R’ = ~-Me, -OH).—The 
foregoing triol (1 g.) in dry pyridine (10 ml.) was left at room temperature overnight with the 
chromic acid—pyridine complex prepared from chromium trioxide (2 g.) and pyridine (20 ml.). 
The product was isolated with hot ‘benzene and crystallised from acetone-hexane. The dione 
formed prisms, m. p. 189—191°, [a]?? +84° (¢ 0-498) (Found: C, 75-2; H, 9-4. C,.H;,0, 
requires C, 75-4; H, 9-5%). 

6a-Methylandrost-4-ene-3 : 171-dione (V; R = °O).—68-Hydroxy-6a-methylandrostane-3 : 17- 
dione (300 mg.) in 100% formic acid (5 ml.) was kept at 55—60° for 1} hr. The solution was 
poured into water and the product isolated with ether. Crystallisation from acetone—hexane 
gave 6a-methylandrost-4-ene-3 : 17-dione, m. p. and mixed m. p. 164—165°. 

38-A cetoxy-5a-bromo-68-hydroxyandrostan-17-one (III; R = <O) [with (Mrs.) W. J. ApaAms, 
Ph.D.}.—38-Acetoxyandrost-5-en-17-one (6-6 g.) in dioxan (50 ml.) and water (10 ml.) was left 
overnight at room temperature with N-bromoacetamide (2-8 g.) in water (5 ml.) and perchloric 
acid (1 ml. of 72%). Water was added, and the precipitated solids were collected and dissolved 
in chloroform. The chloroform extract was washed with aqueous solutions of sodium iodide, 
sodium thiosulphate, sodium carbonate, and then with water. Evaporation of the solvent gave 
36-acetoxy-5a-bromo-68-hydroxyandrostan-17-one, needles, m. p. 173—175° (decomp.) (variable), 
[a]? 0° (c 0-764), after crystallisation from acetone—hexane. 

3B-A cetoxy-5a-bromoandrostane-6 : 17-dione.—The foregoing compound (1 g.) in pyridine 
(10 ml.) was left at room temperature overnight with the chromic acid—pyridine complex 
prepared from chromium trioxide (1 g.) and pyridine (10 ml.). The product was isolated with 
hot benzene and crystallised from ethanol. 3(-Acetoxy-5a-bromoandrostane-6 : 17-dione formed 
plates, m. p. 178—180°, [a]? —116° (c, 1-02) (Found: C, 59-4; H, 6-6. C,,H,,O,Br requires 
C, 59-4; H, 6-6%). 

38-A cetoxyandrostane-6 : 17-dione (IV; R = R’ =:0O, R” =---H, —OAc).—The foregoing 
compound (3-3 g.) was debrominated on a steam-bath for 20 min. with zinc dust (3-3 g.) in 
acetic acid (33 ml.). The zinc was removed and water was added to the filtrate. After isolation 
with ether the product was crystallised from ethanol, giving 38-acetoxyandrostane-6 : 17-dione, 
needles, m. p. 214—218°, [a]?# + 59° (¢ 0-256) (Found: C, 72-9; H, 8-4. Calc. for C,,H,0,: 
C, 73-2; H, 8-1%). Ruzicka and Muhr ? give m. p. 203—205°, [«]} +-39°; MacPhillamy and 
Scholz ! give m. p. 208—209°, [«]?? + 33°. 

6a : 17a-Dimethylandrostane-38 : 68: 178-iviol (IV; R = R’ =---Me, —OH, R” = -~-H, 
—OH).—38-Acetoxyandrostane-6 : 17-dione (3-6 g.) in benzene (100 ml.) was added to a Grignard 
solution prepared from magnesium (8-5 g.) and methyl iodide (22 ml.) in ether (150 ml.). The 
mixture was heated under reflux for 3 hr., and left at room temperature overnight. Ammonium 
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chloride solution was added, and the product isolated with chloroform. Crystallisation from 
acetone—hexane gave 6a: 17a-dimethylandrostane-38 : 68 : 17G-triol hemihydrate, cubes, m. p. 
220—223°, [a]? —14° (c 0-212) (Found: C, 72-9; H, 10-6. C,,H3;,03,}H,O requires C, 72-9; 
H, 10-7%). 

68 : 178-Dihydroxy-6a : 17a-dimethylandrostan-3-one (IV; R = R’ =---Me, —OH, R” = 
:O).—The foregoing triol (0-95 g.) in pyridine (10 ml.) was left for 2 days at room temperature 
with the chromic acid—pyridine complex prepared from chromium trioxide (0-95 g.) and pyridine 
(10 ml.). Hot benzene was added and the product isolated in the usual way. 68: 178-Di- 
hydroxy-6« : 17a-dimethylandrostan-3-one formed needles, m. p. 226—228°, [a]? — 20° (c¢ 0-236) 
(Found: C, 74-9; H, 10-2. C,,H;,0, requires C, 75-5; H, 10-2%), after crystallisation from 
chloroform—hexane. 

Attempts to dehydrate this compound failed. Starting material was recovered unchanged 
after (i) refluxing with concentrated hydrochloric acid in ethanol, (ii) refluxing with 100% 
formic acid, and (iii) formation of semicarbazone, attempted dehydration, and regeneration of 
the ketone. 

Non-crystalline products were obtained: (i) by heating it under reflux for 1 hr. with ethanol 
saturated with hydrogen chloride, and (ii) by treatment with thionyl chloride—pyridine at 0°. 
Neither of the last two products showed absorption in the 240 my range expected from a 3-oxo- 
A‘*-system. 

6€-Methyl-3 : 5-cycloandrostane-6& : 178-diol (II; R =---H, —OH, R’ = OH, Me).—178- 
Acetoxy-6-methyl-3 : 5-cycloandrostan-6€-ol (1-8 g.) was heated in methanol (90 ml.) for 1 hr. 
on a steam-bath with potassium hydroxide (500 mg.) in water (10 ml.). Water was added and 
the product was isolated with ether. 6&-Methyl-3 : 5-cycloandrostane-6&- : 178-diol formed 
needles, m. p. 94° and 133—134°, [a]?* + 24° (c 0-468) (Found: C, 78-2; H, 10-5. C,)H;,0, 
requires C, 78-9; H, 10-5%), after crystallisation from acetone—hexane. 

6£-Hydroxy-6&-methyl-3 : 5-cycloandrostan-17-one (II; R = +O, R’ = OH, Me).—The fore- 
going diol (1-25 g.) in pyridine (12 ml.) was shaken at room temperature for 18 hr. with the 
chromic acid—pyridine complex prepared from chromium trioxide (1-25 g.) and pyridine 
(12-5 ml.). The product was isolated as before, and was then passed in benzene solution through 
a short column of alumina. Crystallisation from pentane gave 6€-hydroxy-6&-methyl-3 : 5- 
cycloandrostan-17-one, needles, m. p. 110—112°, [a]? + 107° (¢ 0-452). 

38-A cetoxy-6-methylandrost-5-en-17-one (I; R =:O, R’ = Me, R” =---H, —OAc).—The 
foregoing compound (950 mg.) in acetic acid (15 ml.) was left at room temperature for 18 hr. 
with concentrated sulphuric acid (1 ml.). Water was added and the product isolated with 
ether and purified from methanol. 38-Acetoxy-6-methylandrost-5-en-17-one formed prismatic 
needles, m. p. 149—151°, [a]? —20° (c 0-55) (Found: C, 76-8; H, 9-3. C,.H;,0, requires C, 
76-7; H, 9-3%). 

6 : 17a-Dimethylandrost-5-ene-38 : 178-diol (I; R = ---Me, —OH, R’ = Me, R” = ---H, 
—OH).—38-Acetoxy-6-methylandrost-5-en-17-one (2 g.) in ether (25 ml.) was added to a 
Grignard solution prepared from magnesium (2 g.) and methyl iodide (11 ml.) in ether (50 ml.). 
The mixture was refluxed for 1 hr., then ice-cold ammonium chloride solution was added. The 
product was isolated with, and crystallised from, ether to give 6: 17«-dimethylandrost-5-ene- 
38 : 178-diol, needles, m. p. 196—198°, [a}3 — 96° (c 0-472) (Found: C, 78-3, 78-0; H, 10-4, 10-8. 
C,,H,,0, requires C, 79-3; H, 10-8%). The 3-monoacetate formed needles, m. p. 159—161°, 
[a]?? —95° (c 0-472) (Found: C, 75-8; H, 10-3. C,,;H;,0, requires C, 76-7; H, 10-0%), after 
crystallisation from aqueous methanol. 

6a: 17a-Dimethyltestosterone (V; R =—---Me, ~OH).—6: 17«a-Dimethylandrost - 5-ene - 
38 : 178-diol (1 g.) in toluene (15 ml.) and cyclohexanone (10 ml.) was heated until 5 ml. of 
distillate had collected. Aluminium /#ert.-butoxide (2 g.) in toluene (10 ml.) was added and the 
mixture was heated under reflux for 2 hr. After isolation of the product with ether an oil was 
obtained which was chromatographed on alumina (30 g.) in benzene. Elution with benzene 
gave 6a : 17a-dimethyltestosterone, m. p. 134—136°, not depressed in admixture with a sample 
prepared previously.? 

3: 5-cycloA ndrostane-6 : 17-dione (II; R = R’ = :O).—This was prepared by the chromic 
acid oxidation of 68-acetoxy-3 : 5-cycloandrostan-17-one, 68-hydroxy-3 : 5-cycloandrostan-17- 
one, or 68-methoxy-3 : 5-cycloandrostan-17-one.*»*5 Treatment of this compound with methyl- 
magnesium iodide gave a product which could not be purified and did not rearrange to the 
required 38-acetoxy-6 : 17a-dimethylandrost-5-en-178-ol. 
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17a-Ethynyl-178-hydroxy-3 : 5-cycloandrostan-6-one (II; R = ---C=CH, —OH, R’ = :O).— 
17a-Ethynyl-3 : 5-cycloandrostane-68 : 178-diol #* (20 g.) in pyridine (200 ml.) was added to 
the chromic acid—pyridine complex prepared from chromium trioxide (20 g.) and pyridine 
(200 ml.). The product was isolated as before and purified by passage through a short column 
of alumina in benzene solution. Crystallisation from acetone—hexane gave 17a-ethynyl-178- 
hydroxy-3 : 5-cycloandrostan-6-one, m. p. 215—216°, prisms, [«]?? —12° (c 0-771) (Found: C, 
80-7; H, 8-7. C,,H,,O, requires C, 80-75; H, 9-0%). The compound formed an orange 2: 4- 
dinitrophenylhydrazone. 

17a-Ethynyl-6€-methyl-3 : 5-cycloandrostane-6§ : 178-diol (II; R =~---C=CH, —OH, R’ = 
Me, OH).—The forgoing compound (7-5 g.) in benzene (250 ml.) was added to a Grignard 
solution prepared from magnesium (2-3 g.) and methyl iodide (12 ml.) in ether (50 ml.). Part 
of the ether was distilled off until the temperature of the distillate reached 65°. The mixture 
was refluxed for 1 hr., then cooled, and ammonium chloride solution added. The product was 
isolated with benzene and a small sample of the resulting oil (1 g.) was chromatographed in 
benzene on alumina (30 g.). From the ether —» ether-—acetone eluates was obtained 17a- 
ethynyl-6&-methyl-3 : 5-cycloandrostane-6— : 178-diol, needles, m. p. 85—89°, [a]? 0° (c 0-370), 
after crystallisation from acetone—hexane (Found: C, 80-4; H, 10-5. C,,H;,O, requires C, 
80-5; H, 9-8%). 

8-Acetoxy-17a-ethynyl-6-methylandrost-5-en-178-ol (I; =--CACH, “OH, R’ = Me, 
R” = ---H, ~OAc).—The foregoing crude oil (6-5 g.) in acetic acid (50 ml.) was left at room 
temperature overnight with concentrated sulphuric acid (2 ml.) in acetic acid (50 ml.). The 
mixture was poured into water and the product isolated with chloroform. The residue was 
chromatographed on alumina (130 g.) in benzene. From the benzene-ether —-» pure ether 
eluates was obtained 38-acetoxy-17a-ethynyl-6-methylandrost-5-en-178-ol, prisms, m. p. 169— 
170°, («]?? —112° (c 0-67), after crystallisation from acetone—hexane (Found: C, 77-5; H, 9-2. 
C,,H,;,O, requires C, 77-8; H, 9-2%). 

17a-Ethynyl-6-methylandrost-5-ene-38 : 178-diol (I; R =---C=CH, ~OH, R’ = Me, R” = 
---H, -OH).—The foregoing acetate (2 g.) in methanol (50 ml.) was refluxed for 1 hr. with 
potassium carbonate (1 g.) in water (7 ml.). Water was added and the precipitated solids were 
collected. Crystallisation from aqueous methanol gave 17a-ethynyl-6-methylandrost-5-ene- 
38 : 178-diol, needles, m. p. 213—215°, [a]? —116° (c 0-482) (Found: C, 81-1; H, 9-8. C,,H;,0, 
requires C, 80-5; H, 9-8%). 

17a-Ethynyl-178-hydroxy-6a-methylandrost-4-en-3-one (V; R = ---C=CH, —OH).—The fore- 
going compound (1-35 g.) in cyclohexanone (13-2 ml.) was refluxed for 1} hr. with aluminium 
tert.-butoxide (1-4 g.) in toluene (8 ml.). Water was added and the mixture steam-distilled for 
l hr. The solid residue was filtered off and dissolved in ether—chloroform, which was washed 
with Rochelle salt solution and water. Crystallisation of the product from acetone—hexane 
gave 17a-ethynyl-17$-hydroxy-6a-methylandrost-4-en-3-one, m. p. and mixed m. p. with an 
autentic sample ? 195—197°. 

178-Benzoyloxy-38-toluene-p-sulphonyloxyandrost-5 -ene.—178 - Benzoyloxyandrost - 5-en- 38 - 
ol (18 g.) in pyridine (100 ml.) was left at room temperature overnight with toluene-p-sulphonyl 
chloride (18 g.). The mixture was poured into water, and the precipitated solids were collected, 
washed with water, and dried. Crystallisation from ether gave the es¢er, needles, m. p. 155— 
156° (Found: C, 72-1; H, 7-4; S, 7-0. C3,;H,,O,S requires C, 72-3; H, 7-3; S, 5-9%). Treat- 
ment of this compound with potassium acetate in aqueous acetone under the usual conditions 
for formation of a 3 : 5-cyclosteroid only gave unchanged starting material. 

68-Acetoxy-178-benzoyloxy-3 : 5-cycloandrostane (II; R = ---H, —OBz, R’ = ---H, —OAc).— 
The crude product obtained from the reduction of 6$-acetoxy-3 : 5-cycloandrostan-17-one (II; 
R = (0, R’ = ---H, —OAc) (see first experiment above) was benzoylated, to give 68-acetoxy-178- 
benzoyloxy-3 : 5-cycloandrostane, needles, m. p. 98—100° (Found: C, 76-7; H, 8°5. C.gH 3,0, 
requires C, 77-0; H, 8-3%), after crystallisation from methanol. 


The authors thank the Directors of The British Drug Houses Ltd. for permission to publish 
this work. 
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812. Modified Steroid Hormones. Part VII.* The Conversion 
of 3-Oxo-A*-steroids into their 6-Methyl Homologues. 


By G. Cootey, B. Extis, D. N. Kirk, and V. PETRow. 


A method is described for converting 3-oxo-A‘-steroids into their 6- 
methyl homologues: the keto-steroid is transformed into the 3 : 3-ethylenedi- 
oxy-A®-steroid (I) which is oxidised to the 5a: 6a-epoxide (II): this with 
methylmagnesium iodide gives the 3 : 3-ethylenedioxy-5a-hydroxy-68-methyl 
steroid (III) from which 6-methyl-3-oxo-A*-steroids (V) may be obtained by 
deketalisation followed by dehydration. 

The method is applied to the preparation of the 6-methyl derivatives of 
cholest-4-en-3-one, testosterone, 17a-methyltestosterone, progesterone, Ila- 
hydroxyprogesterone, and hydrocortisone. 


Parts IV—VI dealt with the conversion of 38-hydroxy-A°*-steroids into 6-methyl-3-oxo- 
A*-steroids. ‘The present communication reports a new route to the latter employing 
3-oxo-A‘-steroids as starting materials. 

Cholest-4-en-3-one, employed as a model, was converted into 3: 3-ethylenedioxy- 
cholest-5-ene + (Ia) and thence by reaction with monoperphthalic acid into a mixture of 
5 : 6-epoxides. The more levorotatory of these was assigned the constitution 5a : 6a- 
epoxy-3 : 3-ethylenedioxycholestane (IIa). In contrast to 5a: 6«-epoxy-38-hydroxy- 
steroids, which require elevated temperatures for fission of the epoxide ring by Grignard 
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reagents,? the ketal epoxide (Ia) reacted smoothly with methylmagnesium iodide at 
room temperature, to give 3: 3-ethylenedioxy-5«-hydroxy-68-methylcholestane (IIIa). 
Regeneration of the 3-oxo-function by solution of the ketal (IIIa) in hot methanol led to 
5a-hydroxy-68-methylcholestan-3-one * (IVa) from which 6«- and 6$-methylcholest-4-en- 
3-one may be obtained.® 

Oxidation of 3 : 3-ethylenedioxy-17$-hydroxyandrost-5-ene 4 (Ib) with monoperphthalic 


* Part VI, preceding paper. 

1 U.S.P. 2,378,918. 

2 See Ushakov and Madaeva, J. Gen. Chem. (U.S.S.R.), 1939, 9, 436; Chem. Abs., 1939, 33, 9309. 
3 Turner, J]. Amer. Chem. Soc., 1952, 74, 5362. 

* See Antonucci, Bernstein, Littell, Sax, and Williams, J. Org. Chem., 1952, 17, 1341. 
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acid gave a mixture of 58 : 68- and 5a : 6x-epoxides. Reaction of the latter epoxide with 
methylmagnesium iodide followed the pattern established in the preceding series, 
3 : 3-ethylenedioxy-5« : 178-dihydroxy-68-methylandrostane (IIIb) being readily formed. 
Its treatment with hot acetic acid, followed by acetylation of the product, 
furnished 17$-acetoxy-5a-hydroxy-68-methylandrostan-3-one (IVb acetate) which passed 
on Darzens’s dehydration into the previously described 5 68-methyltestosterone acetate 
(Vb acetate; R’ = ---H, —Me). 

Attempts to prepare the 3-ketal derivative of 17a-methyltestosterone by conventional 
methods failed as concomitant dehydration at C,,,) invariably occurred. 17$-Acetoxy- 
17«-methylandrost-4-en-3-one ® was therefore employed, and successfully transformed 
into 17$-acetoxy-3 : 3-ethylenedioxy-17«-methylandrost-5-ene (Ic acetate) from which the 
corresponding 5a : 6a-epoxide (IIc acetate) was obtained on oxidation. Reaction with 
methylmagnesium iodide followed by removal of the ketal grouping gave 5a: 178-di- 
hydroxy-68 : 17«-dimethylandrostan-3-one (IVc), the immediate precursor of 6a : 17«-di- 
methyl testosterone (Vc; R =~---Me, —H) into which it was transformed as previously 
described.5 

The 3 : 20-bisethylenedioxy-derivative of progesterone was similarly converted into the 
5a: 6a-epoxide and thence, by epoxide ring fission with the Grignard reagent and 
subsequent removal of the protective groupings at Cy) and Crp), into 5«-hydroxy-66- 
methylpregnane-3 : 20-dione (IVd). Methods for transforming the last compound into 
6a- (Vd; R =~---Me, —H) and 68-methylprogesterone (Vd; R = ---H, —Me) are reported 
in Part IV.’ 

1la-Hydroxyprogesterone was likewise converted into the 3: 20-bisethylenedioxy- 
derivative and thence via the 5a : 6«-epoxide into 5a : 11«-dihydroxy-68-methylpregnane- 
3 : 20-dione ® and finally into 11a-hydroxy-6«-methylprogesterone (VI; R’ = ---OH, —H, 
R” = Bi). 

5a : 6a-Epoxy-3 : 3-20 : 20-bisethylenedioxypregnane-118 : 17«-21-triol ® reacted with 
the Grignard reagent, to give 3: 3-20: 20-bisethylenedioxy-68-methylpregnane- 
5a: 118: 17: 21-tetraol which on deketalisation and dehydration passed into 6a-methyl- 
hydrocortisone § (VI; R’ = ---H, -OH, R” = OH). 


EXPERIMENTAL 


Optical rotations were measured for CHCl, solution in a 1 dm. tube unless otherwise stated. 
Alumina (B.D.H.) of chromatography grade was used. 

5a: 6a- and 58 : 68-Epoxy-3 : 3-ethylenedioxycholestane.—3 : 3-Ethylenedioxycholest-5-ene } 
(15 g.) in chloroform (140 ml.) was treated for 4 days at 0° with monoperphthalic acid (10 g.) in 
ether (140 ml.). The product crystallised from warm methanol as fluffy needles (6 g.; m. p. 
100—-105°), the mother-liquor depositing silky blades (3-9 g.; m. p. 116—119°) on long storage. 
Purification of the latter fraction from methanol gave 5a : 6«-epoxy-3 : 3-ethylenedioxy- 
cholestane,” blades, m. p. 118—120°, [a]?? —33° (c 0-87) (Found: C, 78-4; H, 10-7. Cale. for 
C,,H,,0,: C, 78-3; H, 10-9%). Recrystallisation of the less soluble fraction gave the 5f : 68- 
epoxide, needles (from methanol), m. p. 126—127°, [a]?? +9° (c 0-9) (Found: C, 77-1; H, 11-0. 
C,,H,,03,3H,O requires C, 76-8; H, 10-9%). 

3 : 3-Ethylenedioxy-5a-hydroxy-68-methylcholestane (IIIa)—The 5a: 6a-epoxide (1 g.) in 
ether (45 ml.) was added to a Grignard reagent prepared from magnesium (0-6 g.) and methyl 
iodide (1-55 ml.) in ether (50 ml.). The mixture was stirred for 5 hr. at room temperature and 
then set aside overnight. After addition of ammonium chloride (5 g.) in water (20 ml.) to the 


5 Ackroyd, Adams, Ellis, Petrow, and Stuart-Webb, J., 1957, 4099. 
® Mischer and Klarer, Helv. Chim. Acta, 1939, 22, 962. 
7 Burn, Ellis, Petrow, Stuart-Webb and Williamson, /., 1957, 4092. 
Cf. the preliminary communication by Spero, Thompson, Magerlein, Hanze, Murray, Sebek, and 
Hogg, J. Amer. Chem. Soc., 1956, 78, 6213, which appeared after the present work had been completed. 
® Littell and Bernstein, J. Amer. Chem. Soc., 1956, 78, 984. 
10 See Fernholz and Stavely, Abs. 102nd Meeting Amer. Chem. Soc., Sept. 8—12th, 1941, p. M39. 
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stirred, well-cooled mixture, the product was isolated in the usual manner and obtained as a 
yellow-brown gum. Chromatography on alumina (20 g.), employing light petroleum and light 
petroleum—benzene (4:1) as eluants, gave material (0-42 g.; m. p. 85—88°) crystallising in 
needles from cold methanol. 3 : 3-Ethylenedioxy-5a-hydroxy-68-methylcholestane had m. p. 86— 
87°, [a]? —5° (c 0-83 in dioxan) (Found: C, 77-8; H, 11-3. C,9H,;,0, requires C, 78-2; H, 
11-4%). 

5a-H ydroxy-68-methylcholestan-3-one (IVa), obtained by heating briefly a solution of the 
foregoing compound (150 mg.) in methanol (5 ml.), crystallised in plates (from methanol), m. p. 
228—229° (decomp.), [«]?* +19° (c¢ 0-51 in dioxan) (Found: C, 80-6; H, 11-6. Calc. for 
C,,H,,0,: C, 80-7; H, 11-6%) {Turner® gives m. p. 227—228° (decomp.), [«]p +20-5° in 
dioxan}. 

5a : 6a- and 58 : 68-Epoxides derived from Testosterone 3-(Ethylene Ketal).—Testosterone 3- 
(ethylene ketal) * (4-8 g.) in chloroform (60 ml.) was treated for 18 hr. at 0° with mono- 
perphthalic acid (4 g.) inether (46 ml.). Fractionation of the product from acetone containing a 
trace of pyridine gave 5a : 6a-epoxy-3 : 3-ethylenedioxyandrostan-17{-ol, flat needles, m. p. 201— 
203°, {a}? —68-5° (¢ 0-54) (Found: C, 72-2; H, 9-5. C,,H,,0, requires C, 72-4; H, 9-3%), and 
the 58 : 68-epoxide, large prisms, m. p. 206—209°, [«]?? — 14° (c 0-65 in pyridine) (Found: C, 72-2; 
H, 9-2%). . 

3: 3-Ethylenedioxy-68-methylandrostane-5« : 178-diol (IIIb).—The foregoing 5a : 6«-epoxide 
(3 g.) in benzene (200 ml.) and ether (135 ml.) was added to a Grignard reagent prepared from 
magnesium (1-8 g.) and methyl iodide (4-65 ml.) in ether (100 ml.). The mixture was stirred 
for 5 hr. at room temperature and then set aside overnight. The product was isolated in the 
usual way and crystallised from methanol—pyridine (50:1). The diol separated in plates, m. p. 
103°, [a]? —28° (c 0-72) (Found: C, 69-9; H, 9-9. C,,H;,0,,CH,-OH requires C, 69-6; H, 
10-2%). The 178-acetate crystallised in needles (from aqueous ethanol containing a trace of 
pyridine), m. p. 169—170°, («]?? — 30° (c 0-99) (Found: C, 70-4; H, 9-2. C,,H,,0, requires C, 
70-9; H, 9-4%). 

178 - Acetoxy-5a-hydroxy-68-methylandrostan-3-one (IVb acetate).—3 : 3-Ethylenedioxy- 68 - 
methyladrostane-5a : 178-diol (1 g.) in acetic acid (15 ml. of 98%) was heated at 100° for 40 min. 
The solid obtained on the addition of water was acetylated in pyridine, and the product purified 
from ethanol. The ketone formed prisms, m. p. 216—217°, Cy —11° (c 0-37) (Found: C, 72-1; 
H, 9-3. C,,H,,O, requires C, 72-9; H, 9-45%). 

68-Methyltestosterone Acetate (Vb acetate; R’ = ---H, —Me).—Thiony] chloride (0-12 ml.) was 
added dropwise to a solution of the foregoing compound (200 mg.) in pyridine (2-5 ml.) cooled in 
ice-salt. After a further 10 min., the mixture was poured into water and the solid product 
crystallised from aqueous ethanol. 68-Methyltestosterone acetate formed needles, m. p. 157— 
158°, [x]? +49° (c 0-65). No depression in m. p. was obtained in admixture with an authentic 
specimen.§ 

178-A cetoxy-3 : 3-ethylenedioxy-17a-methylandrost-5-ene (Ic acetate).—17«-Methyltestosterone 
acetate ® (13 g.) in dry benzene (300 ml.) and freshly redistilled ethylene glycol (20 ml.) containing 
toluene-p-sulphonic acid (300 mg.) were heated under reflux for 4} hr., in an apparatus fitted with 
a take-off head for the removal of water. The mixture was washed with aqueous sodium 
hydrogen carbonate, then water, and dried, and the solvents were removed in vacuo. The solid 
residue crystallised from methanol—pyridine (50: 1), to give the ketal as needles, m. p. 179— 
180°, [a]? —35° (c 0-77) (Found: C, 74-5; H, 9-2. C,,H,,O, requires C, 74-2; H, 9-3%). 

5a : 6a- and 58 : 68-Epoxides derived from the Foregoing Ketal.—The ketal (19-3 g.) in chloro- 
form (200 ml.) was treated for 24 hr. at 0° with monoperphthalic acid (13-6 g.) in ether (340 ml.). 
Fractionation of the product from acetone—pyridine (100 : 1) gave 178-acetoxy-5a : 6a-epoxy-3 : 3- 
ethylenedioxy-17a-methylandrostane, plates, m. p. 202—203°, [a]#* —67° (c 1-03) (Found: C, 
70-8; H, 8-4. C,,H,,O, requires C, 71-2; H, 9-0%), and the 58: 68-epoxide, needles, m. p. 
175—176°, [a]?? —11° (c 0-73) (Found: C, 71-8; H, 8-9%). 

5a : 178-Dihydroxy-68 : 17a-dimethylandrostan-3-one (IVc).—The foregoing 5a : 6x-epoxide 
(8-7 g.) in benzene (300 ml.) and ether (100 ml.) was added to a Grignard reagent prepared from 
magnesium (5-4 g.) and methyl iodide (15 ml.) in ether (200 ml.). The mixture was stirred for 
5 hr. and then set aside for 2 days. The product was a gum. The major part (7-4 g.) was 
treated with acetic acid (120 ml.) and water (7-5 ml.) for 24 hr. at room temperature, and the 
crystalline solid obtained (4-2 g.) purified from acetone—hexane. 5a : 178-Dihydroxy-68 : 17«- 


dimethylandrostan-3-one separated in plates, m. p. 253°, [«]?? —28° (c 0-4) (Found: C, 74-9; 
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H, 10-5. Calc. for C,,H;,0O,: C, 75-4; H, 10-25%), identical with a specimen prepared as 
described in Part V.§ 

5a : 6a- Epoxy-3 : 3-20: 20- bisethylenedioxypregnane.—Progesteron 3: 20- di(ethylene 
ketal) 1! (4 g.) in chloroform (60 ml.) was treated for 18 hr. at 0° with monoperphthalic acid 
(2-9 g.) in ether (40 ml.). Crystallisation of the product from acetone—hexane gave the 5a : 6a- 
epoxide, blades, m. p. 186—187°, [a]? —51° (c 0-73) (Found: C, 71-5; H, 9-0. C,,;H;,0; 
requires C, 70-7; H, 9-15%). 

3 : 3-20 : 20-Bisethylenedioxy-68-methylpregnan-5a-ol (1-3 g.), prepared from the foregoing 
epoxide (3 g.) and the Grignard reagent from magnesium (1-8 g.) and methyl iodide (4-65 ml.), 
crystallised from methanol—pyridine (50: 1) in prisms, m. p. 134°, [a]? —23-5° (c 0-48) (Found: 
C, 71-9; H, 9-9. C,,H,,O, requires C, 71-8; H, 9-7%). 

5a-H ydroxy-68-methylpregnane-3 : 20-dione (IVd), prepared by treating the foregoing 
compound (200 mg.) with acetic acid (2-5 ml.) and a drop of water for 50 min. at 100°, formed 
needles (from ethanol), m. p. 247—250° (decomp.), [«]$? +'73° (c 0-49) (Found: C, 75-8; H, 
9-7. Calc. for C,,H,,O,: C, 76-3; H, 9-7%), identical with a specimen prepared as described in 
Part V.5 

3: 3-20: 20-Bisethylenedioxypregn-5-en-11a-ol.—lla-Hydroxyprogesterone (30 g.) in dry 
benzene (1 1.) and ethylene glycol (400 ml.) containing toluene-p-sulphonic acid (500 mg.) were 
heated under reflux for 16 hr., under a Dean-Stark separator. The product was isolated in the 
usual way and purified from methylene chloride—acetone. The bisketal had m. p. 214—217°, 
[a}7? —39° (c 0-26) (Found: C, 70-6; H, 9-1. C,;H;,0, required C, 71-7; H, 9-1%). 

5a: 6a- and 58 : 68-Epoxides derived from the Foregoing Bisketal—The ketal (7-1 g.) in 
chloroform (110 ml.) containing 1 drop of pyridine was treated for 24 hr. at 0° with mono- 
perphthalic acid (4-7 g.) in ether (54 ml.). Fractionation of the product from acetone—hexane 
(1:2) gave 5a: 6a-epory-3 : 3-20 : 20-bisethylenedioxypregnan-1la-ol, flakes, m. p. 199—201°, 
[a]# —65° (c 0-31) (Found: C, 69-7; H, 8-7. C,;H3,0, requires C, 69-1; H, 8-8%), and the 
58 : 68-epoxide, flakes, m. p. 195—197°, [a]?* —1° (c 0-25) (Found: C, 68-9; H, 8-9%). 

5a: lla-Dihydroxy-68-methylpregnane-3 : 20-dione.—The foregoing 5a : 6a-epoxide (3 g.) in 
dry ether (100 ml.) and benzene (60 ml.) was added to a Grignard reagent prepared from 
magnesium (1-5 g.) and methyl iodide (3-9 ml.) in ether (20 ml.). The mixture was stirred for 
6 hr. at room temperature and set aside overnight. The product was isolated in the usual way 
and heated under reflux for 30 min. with a solution of oxalic acid (1 g.) in aqueous methanol 
(60 ml. of 90%). Concentration gave 5a: lla-dihydroxy-68-methylpregnane-3 : 20-dione,® 
needles (from ethyl acetate), m. p. 226—228°, [a]?#* + 19° (c 0-25) (Found: C, 72-0; H, 8-9. 
Calc. for C,.H,,0,: C, 72:9; H, 8-8%). 

lla-Hydvoxy-6a-methylprogesterone (VI; R’ = ---OH, —H, R” = H).—The foregoing com- 
pound (300 mg.) in methanol (25 ml.) containing concentrated hydrochloric acid (0-2 ml.) was 
heated under reflux for 1 hr. The product was isolated with methylene chloride and purified 
from acetone-hexane. lla-Hydroxy-6a-methylprogesterone separated in flakes, m. p. 151— 
153°, [a]? + 122° (c 0-29), Amax, 241 my (log ¢ 4-17) (Found: C, 75-9; H, 9-3. C,,H ;,O, requires 


C, 76-7; H, 9-3%). 
3: 3-20 : 20-Bisethylenedioxy - 68-methylpregnane-5a : 118 : 17a : 21-tetraol_—5a : 6a-Epoxy- 
3 : 3-20 : 20-bisethylenedioxypregnane-118 : 17a: 21-triol® (1-6 g.) in dry tetrahydrofuran 


(70 ml.) and ether (40 ml.) was added to a solution of methylmagnesium iodide prepared from 
magnesium (1-8 g.), methyl iodide (7 ml.), and ether (70 ml.). The mixture was heated under 
reflux for 6 hr., then treated with excess of aqueous ammonium chloride, and the product 
isolated with chloroform. Purified from acetone—hexane containing a trace of pyridine, the 
tetraol formed prismatic needles, m. p. 229—232°, [x]?* —29° (c 0-83 in pyridine) (Found: C, 
64-5; H, 8-9. C,,H,,O, requires C, 64-7; H, 8-8%). 

5a: 118: 17x : 21-Tetrahydroxy-68-methylpregnane-3 : 20-dione-——The foregoing compound 
(1-3 g.) in methanol (72 ml.) and dilute sulphuric acid (7-2 ml. of 8-5% v/v) was heated under 
reflux for 10 min. The product was isolated with chloroform and crystallised from acetone. 
The dione had m. p. 224—226° (decomp.), [«]?? + 35° (c 0-40 in pyridine) (Found: C, 65-5; H, 
8-5. C,.H,,0,,4H,O requires C, 65-5; H, 8-7%). 

6«-Methylhydrocortisone (VI; R’ = ---H, -OH, R” = OH).—The foregoing compound (200 
mg.) in methanol (20 ml.) was treated for 21 hr. at room temperature with 0-1N-aqueous sodium 
hydroxide (1 mi.). After neutralisation with dilute hydrochloric acid, the mixture was diluted 


11 Antonucci, Bernstein, Lenhard, Sax, and Williams, J]. Org. Chem., 1952, 17, 1369. 
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with water, and the product isolated with chloroform. Purification from acetone gave 6a- 
methylhydrocortisone,® m. p. 199—203°, (a)? +81° (c 0-21 in acetone) (Found: C, 68-6; H, 8-7. 
Calc. for C,,H;,0;,}H,O: C, 68-5; H, 8-6%). 


The authors thank the Directors of The British Drug Houses Ltd. for permission to publish 
this work. 
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813. The Interaction of Ethylene Glycol with Boron Trichloride 
and the Alkoxyboron Chlorides. 


By J. A. Brau, W. GERRARD, and M. F. LAPPERT. 


Compounds of the formula (CH,*O),B*X [where X = Cl, OH, OR, OPh, 
O-CH,°CH,°OH, O*CH,*CH,*O-B(O-CH,),, or O*CH,°CH,*°O-B(OR),] have 
been prepared. Their reactions resemble those of related compounds 
derived from monohydric alcohols and phenols, but there is much greater 
thermal stability. 


THE reactions of boron trichloride and its alkoxy-derivatives with alcohols and phenol 
have been studies in considerable detail.1-* The present paper relates to ethylene glycol. 
In the course of this work, several derivatives of ethylene hydrogen borate, (CH,*O),B-OH, 
have been produced, namely, compounds wherein the hydroxyl group was replaced by 
chlorine, alkoxy-, or phenoxy-groups. Diborates 7? have also been prepared, namely, the 
tetra-alkyl (and tetrapheny]l) ethylenedi(borates), [(RO),B-O-CH,"],, and diethylene ethylene 
di(borate) (I). 
[aoc cHo-8” 
2 2 


The reaction of boron trichloride with ethylene glycol afforded either ethylene chloro- 
boronate (scheme 1), or diethylene ethylene di(borate) (scheme 2), depending on the relative 
proportions of reactants, although the chloroboronate was obtained together with 


(CH,-OH), + BC], — (CH,-O),BCI+ 2HCH . . . .... (I) 
ee 


di(borate) from equimolar amounts of reactants. It has been reported ® that boron 
trichloride and ethylene glycol (1 : 3) give tri-2-hydroxyethyl borate, B(O-CH,°CH,-OH),. 

Addition of alkyl dichloroboronites, RO-BCl, (R = Pr®, Bu®), to ethylene glycol, in 
absence (scheme 3) or presence (scheme 4) of pyridine, afforded alkyl ethylene borates; 
but dialkyl chloroboronates, (RO),B-Cl (R = Bu®, Bu', »-C,H,,), gave tetra-alkyl ethylene 
di(borates) (scheme 5). 


1 Gerrard and Lappert, J., 1951, 1020. 

* Ebelmen and Bouquet, Amn. Chim. Phys., 1846, 17, 54; Councler, J. prakt. Chem., 1871, 18, 371; 
Michaelis and Hillringhaus, Annalen, 1901, 315, 41; Wiberg and Siitterlin, Z. anorg. Chem., 1931, 202, 
1, 22, 31; Kinney, Thompson, and Cheney, J]. Amer. Chem. Soc., 1935, 57, 2396; Martin and Mako, 
ibid., 1951, 73, 2674; Gerrard and Lappert, J., 1951, 2545; Gerrard and Howe, J., 1955, 505; Colclough, 
Gerrard, and Lappert, J., 1955, 907; Edwards, Gerrard, and Lappert, J., 1955, 1470; Frazer and Ger- 
rard, J., 1955, 2959; Gerrard, Lappert, and Silver, J., 1956, 3285; 1957, 1647; Abel, Edwards, Gerrard, 
and Lappert, J., 1957, 501. 

Lappert, J., 1953, 667. 

Idem, J., 1956, 1768; Gerrard and Lappert, /J., 1955, 3084. 

Colclough, Gerrard, and Lappert, J., 1956, 3006. 

Councler, Ber., 1876, 9, 485; 1877, 10, 1655; 1878, 11, 1106; Hartman, J., 1957, 1918. 
Lappert, Chem. Rev., 1956, 56, 959. 
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(CH,OH), + RO-BCl, ——» (CH,O),BOR+2HCI . ...... @) 
(CH,"OH), + RO-BCI, + 2C,H,N —— (CH,-O),B-OR+2C,H,.N,HCI 2... 4) 
(CH,OH), + 2(RO),B-Cl ——w (RO),B-O-CH,°CH,-O-B(OR), + 2HCI . . . (5) 


Ethylene chloroboronate is a colourless, viscous liquid and fumes in air owing to 
hydrolysis (schemes 6 and 7). With pyridine, it gave a solid 1:1 complex. With alcohols, 
it afforded borates (scheme 8); with ¢ert.-butyl alcohol the major product was ¢ert.-butyl 


(CH,-O)B-Cl + H,O —» (CH,O),BOH+HCI. . . ... . (6) 
(CH,-O),B-Cl + 3H,O ——» (CH,-OH), + HCI-+ B(OH), } ae 
(CH,*O),B-Cl + ROH —» (CH,"O),B-OR+ HCI +. . ae 

(CH,°O),B-Cl + ButOH —— (CH,-O),B-OH+Bu'Cl . . . . . . @) 


chloride (scheme 9); but the ester is obtained if pyridine is also present. The use of 
pyridine in ester (e.g., borate) preparations is general and has been recommended 
particularly in connection with esters having highly electron-releasing alkyl groups.) 3:7 

Ethylene chloroboronate has exceptional * thermal stability: even ferric chloride has 
little effect. After prolonged heating, however, there was evidence for decomposition (10) 
although, owing to the limited stability of the products at 300°, this was not proved 
conclusively. Reaction (10) would be in accord with one frequently observed mode of 
chloroboronate decomposition. 


(CH,-O),B-Cl —» CI-CH,CH,-O-BO —» }B(O-CH,-CH, Cl), + 4B,0,. . (10) 


Ethylene hydrogen borate is crystalline. It was also obtained (scheme 11) by fraction- 
ation of a mixture of boric acid and ethylene glycol. Its existence and preparation by 
this method have been reported previously,* but the physical characteristics were described 
differently. 

(CH,-OH), + B(OH), —» (CH,O),B-OH+2H,O..... . (IN) 


The alkyl ethylene borates are viscous, unimolecular liquids, which hydrolyse readily 
and completely in air. Four such esters have previously been prepared, either by 
esterification of boron trioxide with a mixture of glycol and the alcohol or phenol in 
presence of benzene or toluene,® or by displacing two alkoxy-groups from a trialkyl borate 
by distillation with glycol.1® m-Butyl ethylene borate is thermally stable. Reaction 
with ethylene glycol replaced the m-butoxy-group, affording crystalline ethylene 
2-hydroxyethyl borate. With boron trichloride, reaction (12) occurred. 


(CH,-O),B-OBu" + BC], —— (CH,-O),B-Cl + Bu"O-BCl, . . . . . (12) 


Tetra-alkyl ethylene di(borates) are unimolecular and have physical characteristics 
similar to those of alkyl ethylene borates; diethylene ethylene di(borate) isa solid. With 
water they were readily and completely hydrolysed, and distilling the »-butyl homologue 
with phenol gave the tetraphenyl homologue (cf. alcoholysis above). 

In general, the reactions of the cyclic chloroboronates and borates are similar to those 
in the straight-chain series.?_ The differences are: (a) the cyclic compounds are much 
more stable; and (5) the B—-O bonds in the ring are broken less readily than others. These 
observations suggest that, in general, compounds of type (RO),B-Y will prove more stable 
if the two groups R are joined than if they are not and in extreme cases it may be that 
compounds of such general formula which could not hitherto have been made, may now 
be prepared as stable compounds in corresponding cyclic forms. Two examples are 
already available. First, the dialkyl hydrogen borates (i.e., Y = OH) do not exist; 7 


® Rippere and LaMer, J. Phys. Chem., 1943, 47, 204. 
® Thomas, J., 1946, 823. 
1° Letsinger and Skoog, J. Amer. Chem. Soc., 1954, 76, 4174. 
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and, secondly, only one example of a stable acyclic mixed trialkyl borate (7.e., Y = OR’) 
is known. 


EXPERIMENTAL 


Preparations and Procedures.—n-Butyl and n-propyl dichloroboronite and di-n-butyl, 
isobutyl, and -pentyl chloroboronate were prepared by known methods.‘ Boron trichloride 
was distilled before use. Analytical procedures have been described before; “> as has been 
noted with certain organic boron compounds, analyses for carbon were sometimes unreliable.!! 
Molecular weights were determined cryoscopically in cyclohexane. M. p.s were determined 
in sealed capillary tubes. 

Interaction of Boron Trichloride and Ethylene Glycol. Reactions (1) and (2).—(a) The glycol 
(23-6 g., 1 mol.) was added in 3 hr. to boron trichloride (47-0 g., slightly >1 mol.) at —80°. 
The mixture was allowed to attain 20°, whereupon hydrogen chloride was evolved and was 
completely removed at 18°/18 mm. to leave a yellow liquid containing a white solid (38-89 g.). 
Distillation afforded ethylene chloroboronate (29-13 g., 72%), b. p. 70—74°/1 mm., nu? 1-4640 
(Found: Cl, 33-3; B, 10-5. C,H,O,CIB requires Cl, 33-4; B, 10-2%), and a white residue (5-72 g.) 
of diethylene ethylene di(borate), which after being washed with methylene dichloride had m. p. 
162—164° (Found: B, 10-7. C,H,,0,B, requires B, 10-7%). The chloroboronate was in- 
soluble in »-pentane and diethyl ether, but soluble in methylene dichloride. Its analysis by 
aqueous hydrolysis established reaction (7). 

(b) The glycol (7-27 g., 2 mols.) was added in } hr. to the trichloride (6-86 g., 1 mol.) in 
methylene dichloride (25 ml.) at —80° to afford a clear solution, which at 20° deposited, as a 
white solid, impure ethylene 2-hydroxyethyl borate (7-30 g., 95%) (Found: C, 33-3; H, 7-4; 
B, 8-4. Calc. for Cj,H,O,B: C, 36-4; H, 6-9; B, 8-2%). During the reaction, hydrogen 
chloride [5-63 g., 88% based on: 2(CH,*OH), + BCl, — (CH,°O),B-O-CH,°CH,°OH + 3HCI] 
wasevolved. This solid (9-79 g.) when heated at 100°/0-4 mm. left diethylene ethylene di(borate) 
(5-45 g.) (Found: C, 35-0; H, 5-6; B, 10-7. C,H,,0,B, requires C, 35-7; H, 5-7; B, 10-7%) as 
a non-volatile residue. 

The diethylene ethylene di(borate) was also obtained in almost quantitative yield when the 
reactants were mixed in the proportions according to scheme (2). 

Interaction of Alkyl Dichloroboronites with Ethylene Glycol. Reactions (3) and (4).—(a) 
n-Butyl. Ethylene glycol (5-82 g.) was added slowly to n-butyl dichloroboronite (14-55 g.) at 
—80°, whereafter matter volatile at 20°/20 mm. was removed, leaving a viscous oil (13-69 g. 
Calc. for C,H,,0,B: 13-52 g.). Distillation afforded n-butyl ethylene borate (10-86 g., 80%), 
b. p. 96—100°/16 mm., which when twice redistilled had b. p. 98°/18 mm., n??* 1-4293, d?® 
1-006 (Found: C, 51-6; H, 9-5; B, 7:3%; M, 143. Calc. for C,H,,0,B: C, 50-1; H, 9-1; 
B, 75%; M, 143). 

(b) n-Propyl. (i) n-Propyl dichloroboronite (9-7 g.) in m-pentane (20 ml.) was added in 
1} hr. to ethylene glycol (4:3 g.) at 0°. Hydrogen chloride (4-80 g., 95%) was trapped in 
potash absorption tubes. Distillation afforded, as the main fraction, ethylene n-propyl borate 
(4-92 g., 55%), b. p. 85°/16 mm., n?* 1-4180 (Found: B, 8-7. C,;H,,0,B requires B, 8-3%). 

(ii) The dichloroboronite (14-75 g.) in methylene dichloride (25 ml.) was added in 1 hr. to 
the glycol (6-5 g.) and pyridine (16-6 g.) in methylene dichloride (25 ml.) at 0°. Matter volatile 
at 21°/16 mm. was removed, whereafter n-pentane (100 ml.) was added. The white precipitate 
of pyridinium chloride (27-51 g., 100%) was filtered off; the filtrate, when freed from solvent 
comprised ethylene n-propyl borate (5-93 g., 100%), 2%? 1-4220 (Found: B, 8-3%). 

Interaction of Dialkyl Chloroboronates with Ethylene Glycol. Reaction (5).—(a) n-Butyl. 
Di-n-butyl chloroboronate (4-00 g.) in »-pentane (10 ml.) was added to ethylene glycol (0-65 g.) 
at 20°, whereafter the mixture was kept at 20°/20 mm. for 3 hr. The residue was fetra-n- 
butyl ethylene diborate (3-83 g., 99%), b. p. 92°/0-5 mm., n?! 1-4190, d7° 0-9222 (Found: C, 57-3; 
H, 10-8; B, 5-8%; M, 371. C,,H,,O,B, requires C, 57-8; H, 10-8; B, 5-8%; M, 374). 

(b) n-Pentyl. By similar technique, but with reversed order of addition, from di-n-pentyl 
chloroboronate (12-4 g.) and glycol (1-75 g.) there was obtained ethylene tetra-n-pentyl diborate 
(9-0 g., 75%), b. p. 86—88°/1 mm., n? 1-4248, d?? 0-9189 (Found: C, 60-6; H, 11-2; B, 5-0. 
C,.H,,0,B, requires C, 61-4; H, 11-2; B, 5-0%). 

(c) isoButyl. Similarly the addition of ethylene glycol (0-80 g.) to diisobutyl chloroboronate 


1 Rothstein and Saville, J., 1952, 2987; Gerrard, Lappert, and Shafferman, J., 1957, 3828. 
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(4-70 g.) gave tetraisobutyl ethylene diborate (4-20 g., 88%), b. p. 56°/0-1 mm., nm? 1-4158, d? 
0-9231 (Found: C, 57-0; H, 10-4; B, 6-0%). 

The boron analyses, by aqueous hydrolysis, of these esters established complete hydrolysis. 

Preparation of Ethylene Hydrogen Bovate.—(a) To the chloroboronate (1-49 g.) in methylene 
dichloride (10 ml.) was added water (0-252 g.) in ether (10 ml.) at 25°. Volatile matter was 
removed at 20°/20 mm., to leave a sticky solid (1-26 g. Calc. for C,H;O,B: 1-23g.). By 
thorough washing with ether, ethylene hydrogen borate (0-60 g.), m. p. 114—118° (Found: C, 24-0; 
H, 5-7; B, 12-2. C,H,0;B requires C, 27-3; H, 5-7; B, 12-3%), was obtained as a hard, 
crystalline solid. 

(b) Ethylene glycol (62 g.) and boric acid (61 g.) were heated at 130—190° for 4 hr. Water 
was distilled off and ethylene hydrogen borate (89 g., 100%) was obtained as a crystalline 
residue (Found: C, 25-4; H, 5-8; B, 12-3%). 

Complex of Pyridine and Ethylene Chloroboronate.—The chloroboronate (2-02 g.) in methylene 
dichloride (15 ml.) was added to pyridine (1-50 g.) in the same solvent (10 ml.) at 20°. There 
was some heat of. mixing but no precipitation. Volatile matter was removed at 20°/20 mm., 
leaving a white, solid residue which was washed with m-pentane and filtered. The precipitate 
(3-43 g., 97%) was the 1:1 complex, m. p. 91° (Found: Cl, 18-9; B, 5-6; C,H,N, 43-2. 
C,H,O,NCIB requires Cl, 19-2; B, 5-8; C;H,N, 42-7%). It was soluble in cold water and 
hydrolysed thereby. 

Alcoholysis of Ethylene Chloroboronate.—(a) The alcohol was added slowly to the chloro- 
boronate in methylene dichloride (ca. 50%) at —80°. Volatile matter was removed at 18°/20 
mm. and hydrogen chloride was trapped. The residue was distilled to afford the ester, which 
was characterised. The reactions were carried out on a 0-05—0-1 molar scale; results are 
shown in the Table. 


Yield (%) Yield (%) of Found (%) Cale. (%): 

Rin ROH ofHCl (CH,-0),B-OR _ B. p./mm. n20 ‘ & 2 #£. 2 2 
| Ot Spe 89 51 38°/0-1 14190 418 79 93 415 78 93 
Bu® ...... ane 73 84°/0-7 ee - MB = = 
Bu! * ...... 95 91 56°/0-8 1-4230 51:2 94 74 SOL 91 755 
But * ...... 88 53 45—50°/0-8 14227 502 91 74 501 G1 75 
I sities 85 30 112—114°/0-5 15200 580 55 67 586 55 66 


* New compounds. 


The boron analyses, by aqueous hydrolysis, of these esters established complete hydrolysis. 

(b) The chloroboronate (6-0 g.) was added to #ert.-butyl alcohol (4-18 g.) at 16°. tert.-Butyl 
chloride (2-40 g., 46%), b. p. 51°, nt 1-3860, was condensed at —80°. The white, solid residue, 
after being washed with methylene dichloride, appeared to be impure ethylene hydrogen 
borate (Found: B, 14-4%). 

(c) The chloroboronate (8-8 g.) in methylene dichloride (10 ml.) was added in 1} hr. to 
tert.-butyl alcohol (6-1 g.) and pyridine (6-5 g.) in the same solvent (25 ml.) at —80°. The 
mixture was allowed to attain room temperature, whereafter n-pentane (25 ml.) was added 
and the mixture was filtered. The precipitate was pyridinium chloride (9-3 g., 98%) (Found: 
Cl, 29-4; C;H;N, 67-7. Calc. for C;H,NCl: Cl, 30-7; C;H,;N, 68-4%). The filtrate was freed 
from solvent and repeated distillation afforded tert.-butyl ethylene borate (46%), b. p. 32—33°/1 
mm., 730° 1-4189, d{° 1-022 (Found: C, 50-1; H, 9-3; B,7-5. C,gH,;0,B requires C, 50-1; H, 
9-1: B, 7-5%). 

Butan-1-ol similarly afforded pyridinium chloride and n-butyl ethylene borate (94%), b. p. 
98°/16 mm., n% 1-4291 (Found: B, 7-3%). 

Pyrolysis of Ethylene Chloroboronate. Reaction (10).—When the chloroboronate was heated 
in presence of anhydrous ferric chloride (0-15 g.) at 120° for 2 hr., it was recovered in 69% yield. 
When it (19-3 g.) was heated at 300° for 30 hr., removal of volatile matter at 20°/20 mm. left 
a residue (16-58 g.), which on distillation gave what appeared to be impure tri-2-chloroethyl 
borate (7-29 g., 44%), b. p. 170°/0-8 mm., n?! 1-4580 (Found: easily hydrolysable Cl, 0; total 
Cl, 41-0; B, 6-0. Calc. for CgH,,0,C1,B: Cl, 42-7; B, 4-4%), and a black residue (7-84 g.). 
In another experiment, from chloroboronate (6-0 g.) there was obtained ethylene, characterised 
as the dibromide (0-95 g.), 2 1-5390, after 37 hr. at 305—310°. 

Alcoholysis of n-Butyl Ethylene Borate-—The borate (22-44 g.), glycol (8-64 g.), and benzene 
(21-26 g.) were fractionated, through a Snyder-Schriner column fitted with a total-reflux partial- 
ratio head. The benzene (22-12 g.) distilled first (b. p. 78—80°, n®? 1-4925), then butanol 
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(10-41 g., 100%; b. p. 110—117°, n? 1-4000), finally a fraction (2-43 g.), b. p. up to 52°/1 mm. 
(Found: B, 5-2%). The residue was crude ethylene 2-hydroxyethyl borate (15-62 g., 84%), 
which was purified by washing it with hot m-pentane. Filtration afforded pure ethylene 
2-hydroxyethyl borate (8-73 g., 47%), m. p. 128° (Found: C, 36-4; H, 6-9; B, 8-4. C,H,O,B 
requires C, 36-4; H, 6-9; B, 8-2%), insoluble in ether, pyridine, and anisole. 

Interaction of Boron Trichloride with n-Butyl Ethylene Borate. Reaction (12).—Boron 
trichloride (5-1 g.) at —80° was added to the borate (6-3 g.) at —80°. Distillation afforded 
crude ethylene chloroboronate (4-3 g., 94%), b. p. 40°/0-1 mm., nf 1-4565 (Fonnd : Cl, 36-8; 
B, 103%). A condensate (at —80°) of -butyl dichloroboronite (6-7 g., 100%), 2*® 1-4150 
(Found: Cl, 44-3; B, 7-2. Calc. for C,H,OCI,B: Cl, 45-8; B, 7-0%), was also obtained. 

Reaction of Tetra-n-butyl Ethylene Di(borate) with Phenol._—The diborate (1-49 g.) and phenol 
(1-66 g.), when distilled, gave butanol (0-90 g., 75%), b. p. 116°, n# 1-3990. The residue 
(1-80 g.) (Found: B, 4:7; C,H,O, 68-3%) afforded tetraphenyl ethylene di(boraie) (1-30 g., 77%), 
b. p. 124°/0-05 mm., n?** 1-4998, d? 1-053 (Found: C, 64-0; H, 5-9; B, 4-9; C,H,O, 81-7. 
C,,H,,O,B, requires C, 68-8; H, 5-3; B, 4-8; C,H,O, 82-0%). 


We thank Petrochemicals, Ltd., for kindly supplying the ethylene glycol. 
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814. The Chemistry of the Aristolochia Species. Part III.*  Aristo- 
lochic Acids and Related Substances from Aristolochia reticulata and 
A. Indica. 


By R. T. Coutts, J. B. STENLAKE, and W. D. WILLIAMs. 


Aristolochic acid from A. reticulata and A. indica is shown to be identical 
with that from A. sipho and A. clematitis. A new acidic substance, aristo- 
red, has been isolated from A. reticulata and identified as 9-amino-1: x : x- 
trimethoxy-5 : 6-methylenedioxy-8-phenanthroic lactam. 


RECENT publications of Pailer, Belohlav, and Simonitsch,):? which established the struc- 
ture (I) for aristolochic acid from Aristolochia clematitis, Linn., prompt us to record our 
own study of the acids of A. reticulata and A. indica. 

Cold percolation of the powdered and defatted rhizomes and roots of A. reticulata 
with ethanol gave an oil which deposited @-sitosteryl 8-D-glucoside, identified as its tetra- 
acetate and by conversion into @-sitosterol. Both the sterol and the glucoside have been 
identified in the unsaponifiable matter of A. serpentaria.* After separation of bases, 
acidic substances were obtained from the residual oil by treatment of the ether-soluble 
material with dilute aqueous potassium hydrogen carbonate and subsequent precipitation. 
Fractional crystallisation of the crude product from glacial acetic acid gave two acidic 
substances. Aristolochic acid, only, has previously been reported in A. reticulata although 
three acids are said to be present in A. Argentina,‘ and two in A. clematitis. 

The less-soluble acid, C,,H,,O,N, m. p. 275—277° (decomp.), from dioxan or glacial 
acetic acid, was yellow and non-fluorescent and gave a green colour with concentrated 
sulphuric acid in agreement with the descriptions of aristolochic acid from A. sipho 5 and 
A. Argentina* It has since been reported ? that aristolochic acid (I) from A. clematitis, 
also C,,H,,O,N, formed orange-red threads, m. p. 281—286° (decomp) (dependent on 


* Part II, J., 1955, 2114. 

1 Pailer, Belohlav, and Simonitsch, Monatsh., 1955, 86, 676. 

2 Idem, ibid., 1956, 87, 249. 

* Kind and Celentano, J]. Org. Chem., 1953, 18, 1473. 

* Hesse, Arch. Pharm., 1895, 233, 684. 

§ Rosenmund and Reichstein, Pharm. Acta Helv., 1943, 18, 243. 
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rate of heating). Our own acid, also, readily crystallises from NN-dimethylformamide- 
ethanol as orange-yellow needles as described by the Austrian workers. Both forms, 


O7n 


however, melted at 275—277° (decomp.) in a tube, but at 284° (decomp.) on a microblock 
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The identity of aristolochic acid from A. reticulata with that from other sources has 
been confirmed by comparison of its properties and reactions with those reported in the 
literature.!;*»> The ultraviolet absorption spectrum showed peaks identical with those 
recorded * for methyl aristolochate (from A. sipho), and decarboxylation with copper 
powder in quinoline gave the neutral compound,® C,,H,,O;N recently identified? as 
1-methoxy-5 : 6-methylenedioxy-9-nitrophenanthrene (II). 

Reduction of aristolochic acid (from A. sipho) with zinc and acetic acid ® is said to give 
a neutral yellow substance, C,,H,,;0,N. Rosenmund and Reichstein ® obtained a similar 
compound, formulated as C,7H,,0,N,4H,O, by catalytic reduction of methyl aristolochate. 
This gave a crystalline “ diacetate,” C..H,5,,0,N, also obtained directly by reduction 
of methyl aristolochate with zinc, acetic anhydride, and pyridine. The product C,,H,,O,N 
obtained by hydrogenation of both acid and ester (from A. clematitis) has since been 
identified as 9-amino-l-methoxy-5 : 6-methylenedioxy-8-phenanthroic lactam (III; 
R =H). Hydrogenation of our aristolochic acid with both platinum and palladium 
catalysts in dioxan and acetic acid was extremely slow and always incomplete. Reduction 
with zinc and acetic acid, however, gave the lactam (III; R = H) in excellent yield. This 
was readily acetylated giving a monoacetate, C,gH,,0,N (III; R = Ac), identical with 
the so-called “diacetate” (from A. sipho) as shown by m. p., ultraviolet absorption,® and 
analysis (analytical data ® for the “ diacetate ’ agree more closely with that for a mono- 
acetate). 

The more-soluble acidic fraction was contaminated with aristolochic acid, but repeated 
crystallisation gave a small amount of a deep red crystalline substance, m. p. 286-5°, 


seu 








CH, (IV) J 


designated aristo-red. Elementary analysis gave the formula as C,)H,,O,N, and a 
modified Zeisel determination } showed the presence of three methoxyl groups (contrast 
noraristolochic acid, C,,H,O,N, m. p. 209°, isolated from the more-soluble acid fractions 
of A. clematitis'). Aristo-red showed an intense fluorescence in ultraviolet light both in 
the solid state and in solution, and in this respect resembled the lactam (III; R = H) 
rather than aristolochic acid. This behaviour and the molecular formula suggested that 
the compound could be formulated as the dimethoxy-derivative (IV; R =H) of the 
lactam (IIT; R =H). 
® Castille, J. Pharm. Belg., 1922, 4, 125, 141, 569. 
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Alkali solubility, in the absence of a carboxyl group (confirmed by the infrared absorp- 
tion) is explicable in terms of the lactam grouping,® which also explains the formation 
of a monoacetate (IV; R = Ac). Strong confirmatory evidence comes from a comparison 
of the ultraviolet and infrared spectra of aristo-red (IV; R =H) and its acetate with 
those of the lactam (III; R =H) and its acetate. The ultraviolet absorptions are very 
similar in wavelengths and relative intensities (see Figure); and aristo-red and the lactam 
(III; R =H) show almost identical infrared bands, and in particular a broad band in 
the region 3000—3300 cm.“ (lactam ~NH-) which is absent from the spectra of the acetates; 
further in the 1650—1700 region (lactam-carbonyl) aristo-red shows a broad band and 
peak at 1704 cm.-! and a peak at 1652 cm.-! which move to 1728 cm. and 1702 cm."} 
respectively on acetylation; the lactam (III) similarly shows broad absorption in this 
region with a peak at 1691 cm.-!, and a second peak at 1655 cm.-! which move to 1724 
cm.-! and 1702 cm.-! respectively on acetylation. The two bands in the region of 1724 
and 1702 cm.-! shown by both lactam acetates are typical of NN-diacylarylamines.* ® ® 





Ultraviolet absorption of aristo-red (IV; R = H) ( -), its acetate (— - - —), and the lactam 
. (III; R=H)(... .), and its acetate (— — —). 
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Extraction of A. reticulata with hot ethanol gave a further yield of aristolochic acid 
and a small amount of allantoin. A similar examination of A. indica has confirmed that 
aristolochic acid (I), characterised as the lactam (III), is the only acidic substance present.!° 

A neutralised solution of aristolochic acid (1 : 1000) was kindly tested by Dr. E. O. 
Morris of this College against eleven bacteria, four yeasts, and fourteen moulds. Re- 
striction of growth was marked only with two moulds, Rhizopus nigricum and a Mucor sp. 


EXPERIMENTAL 

Ultraviolet absorption spectra were determined in absolute ethanol on a Hilger Uvispek 
photoelectric spectrophotometer. Rotations were determined in CHCl, ina 1 dcm. tube. Rp 
values were determined on Whatman No. 1 paper with 4: 1 ethanol-5% formic acid as solvent. 
We thank Mr. W. McCorkindale, Dr. A. C. Syme, and Mr. W. Gardiner for the microanalyses, 
and Mr. S. G. E. Stevens and Mr. A. J. Cross for the infrared spectra. 

Extraction of A. reticulata.—(a) The dried root (31 kg.; No. 60 powder), previously defatted 
with light petroleum (b. p. 40—60°), was extracted in batches of 6 kg. with ethanol by cold 

7 Grove, Jeffs, and Rustidge; J., 1956, 1956. 

8 Witkop and Patrick, J. Amer. Chem. Soc., 1952, 74, 3861. 

® Abramovitch, J., 1956, 1413. 

10 Krishnaswamy, Manjunath, and Rao, J. Indian Chem. Soc., 1935, 12, 476. 
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percolation. Concentration of the percolate under reduced pressure gave an almost black thick 
oil which still contained some solvent. 

The product from one such batch, after further concentration slowly deposited 8-sitosteryl 
B-p-glucoside (0-6 g.), m. p. 295—296° (block) (from ethanol), A 210 my (e 1530, end absorption) 
(Found: C, 72-3; H, 10-5. Calc. for C;;H,,O,: C, 72-9; H, 10-5%). Kind and Celentano * 
gave m. p. 295—297°. The tetra-acetate had m. p. 166-5—167-5° (block), []}? —23-91° (c 0-92) 
(Found: C, 69-1; H, 9-2. Calc. for Cy;H,,0,,: C, 69-35; H,9-2%). Kind and Celentano * gave 
m. p. 167-5—168-5°, [a], —23-7°, —24-2°) The glucoside (165 mg.), refluxed for 9 hr. in ethanol 
(15 ml.) and concentrated hydrochloric acid (0-3 ml.), gave needles of B-sitosterol, m. p. 139° 
(tube), 140-5—141° (block), mixed m. p. 139—140-5°, [a]j#® —37-75° (c¢ 0-5) (Kind and 
Celentano * gave m. p. 140°, [«]p —37° and —38°) (Found: C, 82-4; H, 12-1. Calc. for 
C,,H,;,0,4CH,°OH: C, 82-2; H, 12-2%). 

The bulk of the oily residue was dissolved in ether, and the solution extracted with dilute 
hydrochloric acid (treatment of acid extract will be reported elsewhere). Extraction of the 
ethereal solution with 2% aqueous potassium hydrogen carbonate followed by acidification 
of the aqueous layer with dilute hydrochloric acid gave a yellowish-brown precipitate of crude 
acids (25 g.). Recrystallisation gave aristolochic acid, m. p. 275—277° (decomp.) (tube), 284° 
(decomp.) (block), as yellow microcrystals (from dioxan or glacial acetic acid) or as orange- 
yellow needles from NN-dimethylformamide-ethanol (1: 6) (yield, 6 g.), Rp 0-91—0-94, Amax. 
223 (¢ 30,000), 250 (< 29,400), 318 (< 13,100), 390 my (¢ 7300) [Rosenmund and Reichstein 5 give 
m. p. 274—278° (decomp.) and Pailer, Belohlav, and Simonitsch ? give m. p. 281—286° (decomp.)] 
(Found: C, 60-2, 59-6; H, 3-3, 3-2; N, 4-1; OMe, 9-15. Calc. for C,,H,,O,N: C, 59-8; H, 3-2; 
N, 4:1; OMe, 9-1%). 

Concentration of the mother-liquors remaining after the isolation of aristolochic acid yielded 
an orange-red solid, which on repeated fractional recrystallisation gave red needles (from 
ethanol) of aristo-red (50 mg.), m. p. 286-5° (block), Rp 0-77—0-80, Ama, 253 (e 42,400), 265 
(ec 31,500), 294 (c 19,350), 300 (c 19,100), 305 (c 18,800), 395 my (e 8,200) with inflections at 335 
(c 5850) and 352 my (e 5000) [Found: C, 64-6; H, 4-2; N, 3-8; OMe, 25-5, 26-1. C,,H,O,N(OMe), 
requires C, 64-6; H, 4-3; N, 3-95; OMe, 26-3%]. 

(b) A single batch (6 kg.) of the marc remaining from the cold percolation was continuously 
extracted with hot ethanol (14 1.) until the percolate was pale yellow. Concentration of the 
percolate to 2 1. and cooling gave a bulky resinous precipitate, which was rejected before further 
concentration of the liquid to a dark thick oil. The latter deposited allantoin (1-1 g.) as 
colourless needles (from 80% aqueous ethanol; charcoal), m. p. and mixed m. p. 232° (decomp.) 
(Found: C, 30-8; H, 4:1; N, 35-2. Calc. for CgH,O,N,: C, 30-4; H, 3-8; N, 35-4%). Treat- 
ment of the residual oil as described above, gave aristolochic acid (5 g.). 

1-Methoxy-5 : 6-methylenedioxy-9-nitrophenanthrene.—Aristolochic acid (102 mg.) was 
refluxed for 10 min. with copper powder (120 mg.) and quinoline (16 ml.). The mixture was 
cooled and extracted with ether, the ethereal solution washed with dilute hydrochloric acid, 
water, 5% aqueous sodium hydrogen carbonate, and water, dried (Na,SO,), and evaporated and 
the residue chromatographed in benzene on alumina. The eluate was evaporated, and the 
residue crystallised from chloroform-—ethanol and sublimed at 200°/0-1 mm., to yield orange 
needles (61 mg.) of 1-methoxy-5 : 6-methylenedioxy-9-nitrophenanthrene, m. p. 213° (block), 
Amax. 247-5 (€ 39,930), 286 (ce 12,510), 310 (c« 9970), 395 my (e 4460) [Pailer, Belohlav, and 
Simonitsch * gave m. p. 212° (block)] (Found: C, 64-9; H, 4-1; N, 4-5. Calc. for C,,H,,0,;N: 
C, 64-65; H, 3-7; N, 4-7%). 

9-A mino-1-methoxy-5 : 6-methylenedioxy-8-phenanthroic Lactam.—Aristolochic acid (360 mg.) 
was refluxed for 45 min. with zinc powder (1-04 g.) and glacial acetic acid (20 ml.). The fluores- 
cent solution was filtered hot, and on cooling deposited the bulk of the crude product (225 mg.). 
The mother-liquors, treated with water (50 ml.), yielded a further precipitate, which was 
dissolved in chloroform, washed repeatedly with water, dried (Na,SO,), and evaporated, to 
give a further 40 mg. of crude product. Sublimation at 240—250°/0-1 mm. gave greenish- 
yellow crystals of lactam, m. p. 320° (block; inserted at 315°), Amax, 222 (e 22,900), 242 (ec 30,840), 
250 (e 29,740), 260 (c 36,130), 291 (e 15,050), 301 (c 15,450), 327 (ec 9220), 346 (c 7190), 395 my 
(e 8470) (Pailer, Belohlav, and Simonitch } gave m. p. 319°) (Found: C, 69-8; H, 4-2; N, 4:8. 
Calc. for C,,H,,O,N: C, 69-6; H, 3-8; N, 4-8%). 

9-A cetamido-1-methoxy-5 : 6-methylenedioxy-8-phenanthroic Lactam.—The lactam (100 mg.) 
was refluxed for 30 min. with acetic anhydride (0-5 ml.) and pyridine (1 ml.). The yellow 
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precipitate, which separated during the reaction and on cooling (52 mg.), sublimed at 250— 
260°/0-1 mm., yielding the greenish-yellow N-acetyl-lactam solid, which fluoresced under ultra- 
violet light both in the solid state and in solution and had m. p. 283—286° (decomp.; sealed 
tube), 295° (decomp.; block), Amas, 227 (¢ 36,200) 242 (« 47,750), 252 (c 34,700), 288 (c 15,800), 300 
(ec 13,500), 328 (c 8630), 344 (ec 6600), 388 (¢ 8130), 406 my (e 8630) [Rosenmund and Reichstein ® 
gave m. p. 292—296° (decomp.) for the so-called “‘ diacetate ’’] (Found: C, 68-15; H, 3-6; N, 4-4; 
OMe, 8-5. C,,H,,0;N requires C, 68-1; H, 3-8; N, 4:2; OMe, 9-25%). 

9-A cetamido-1 : x : x-trimethoxy-5 : 6-methylenedioxy-8-phenanthroic Lactam.—Aristo-red (15 
mg.) was refluxed for 30 min. with acetic anhydride (0-25 ml.) and pyridine (0-5 ml.). The 
cooled mixture was extracted with ether, which slowly deposited pale orange needles of 9-acet- 
amido-1 : x : x-lrimethoxy-5 : 6-methylenedioxy-8-phenanthroic lactam (6 mg.). This fluoresced 
under ultraviolet light both in the solid state and in solution, and had m. p. 276—278° (block), 
Amax, 240 (c 35,730), 250-5 (c 38,860), 291 (c 17,960), 302 (c 15,690, shoulder), 330 (e 5580, infl.), 
343 (c 4410), 385 (c 6680), 400 my (ec 6740) (Found: N, 4-2. C,,H,,0,N requires N, 3-55%). 

Extraction of A. indica.—The dried root (3 kg.), previously defatted with light petroleum 
(b. p. 40—60°), was extracted with ethanol by cold percolation. The percolate was concen- 
trated to 200 ml., acidified with dilute hydrochloric acid, and extracted with ether. The 
ethereal solution was extracted with 2% aqueous potassium hydrogen carbonate, and the 
latter solution acidified, to yield aristolochic acid (2-5 g.) as yellow needles (from dioxan), m. p. 
284° (decomp.; block) (identical with the acid from A. reticulata), Amax, 223 (¢ 29,300), 250 
(ec 32,300), 317-5 (c¢ 12,900), 391 my (c 6000). Reduction with zinc and glacial acetic acid gave 
the lactam, m. p. and mixed m. p. 318° (block). 


We are indebted to The British Drug Houses Ltd. for gifts of raw materials. 


THe ScHOOL oF PHARMACY, THE RoyaL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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815. Alkylation of the Aromatic Nucleus. Part I. The Introduction 
of sec.-Alkyl and cycloHexyl Groups by Reaction with Esters of 
T'oluene-p-sulphonic Acid. 

By W. J. Hickinpotrom and N. W. RoceErs. 


The cyclohexyl group has been introduced smoothly into the aromatic 
nucleus of toluene, m- and p-xylene, mesitylene, naphthalene, phenol, and 
anisole by heating the aromatic compound with cyclohexyl toluene-p- 
sulphonate. isoPropyl and sec.-butyl sulphonates react similarly. 


Féip1' reported that benzyl benzenesulphonate decomposed in hot benzene to diphenyl- 
methane and benzenesulphonic acid; a similar substitution took place with toluene, 
phenol, anisole, or methyl salicylate. This behaviour of the benzyl sulphonate has since 
been confirmed and has been the subject of kinetic studies.” * 

It is shown in this paper that the reaction has a wider application and that it can be 
used for the introduction of sec.-alkyl and cyclohexyl groups into the nucleus of aromatic 
hydrocarbons, phenols, and phenol ethers. Since completion of this work,® alkylation 
of benzene by means of alkyl benzenesulphonates has been described by Nenitzescu, Ioan, 
and Teodorescu,* who added benzenesulphonic acid to assist the reaction. The experi- 
mental conditions we use for bringing about this reaction are simpler: the sulphonic ester, 
dissolved in a moderate excess of the appropriate aromatic compound, is heated at about 


Féldi, Ber., 1928, 61, 1609. 

Ogata, Yonetani, and Oda, Bull. Inst. Phys. Chem. Res. Tokyo, 1943, 22, 583. 
Nenitzescu, Auram, and Sliam, Bull. Soc. chim. France, 1955, 1266. 
Hickinbottom, Rogers, and Rule, Chem. and Ind., 1955, 539. 

Cf. Rogers, Ph.D. Thesis, London, 1956. 

Nenitzescu, Ioan, and Teodorescu, Chem. Ber., 1957, 90, 585. 
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120°; when reaction is complete, the free sulphonic acid is neutralised by aqueous alkali, 
and the neutral layer distilled. Our results are summarised in Table 1. 

cycloHexyl toluene-p-sulphonate also reacts with chloro-, bromo-, and iodo-benzene 
but the yield of substitution product is only about 10%: the main reaction is thermal 
decomposition to sulphonic acid and polymers of cyclohexene. No substitution occurs 
with nitrobenzene, methyl benzoate, or benzonitrile; decomposition of the ester is the 


TABLE 1. 
Toluene-p- 
Aromatic sulphonic 
compound ester Products & yield (°%) 
Toluene cycloHexyl cycloHexyltoluenes, 57 (0-, 32%; m-, 21%; p-, 47% 
m-Xylene cycloHexyl cvcloHexyl-m-xylenes, 63 (4-cyclohexyl, 93%; 5-, 7%; 2-, trace); 
dicyclohexyl-m-xylenes 
Bu‘ 4-sec.-Butyl-m-xylene, 46 
p-Xylene cycloHexyl 2-cycloHexyl-p-xylene, 67; 2 : 5-dicyclohexyl-p-xylene 
Bu’ 2-sec.-Butyl-p-xylene, 45 
Mesitylene cvcloHexyl 2-cycloHexylmesitylene, 74 
Bu* 2-sec.-Butylmesitylene, 55 
Naphthalene Bu® sec.-Butylnaphthalenes, 41 (a-, 88°4; 8, 12%) 
Pri 1-isoPropylnaphthalene, 29 
Phenol cycloHexyl cycloHexylphenols, 55 (0-, 48%; p-, 52%) 
Anisole cycloHexyl  cycloHexylanisoles, 61 (0-, 51-5; p-, 48-5%) 
Bu® sec.-Butylanisoles, 40 (0-, 61%; p-, 39%) 
Pri isoPropylanisoles, 40 (0-, 57%; m-, 6%; p-, 37%) 


only observed reaction. The precise identification of the isomers formed in each alkylation 
and an estimate of their relative abundance are essential to our investigation of the nature 
of this alkylation. From a comparison of the infrared spectrum of the product of the 
reaction with that of each of the possible isomers, accurate estimates have been made of 
the direction of substitution in each case, and it is evident from Table 1 that the reaction 
has the general characteristics of an electrophilic substitution. 

The high proportion of meta-substitution in toluene appears at first sight to offer a 
serious objection to the unqualified acceptance of this view; indeed it suggests a free- 
radical substitution rather than an electrophilic one. There are, however, a number of 
observations on the formation of a high proportion of meta-isomer in the alkylation of 
toluene by olefins, alcohols, or alkyl halides under the influence of condensing agents such 
as hydrogen fluoride, sulphuric acid, boron trifluoride, or halides of aluminium, iron, or 
gallium; * while the isomerising action of the condensing agent makes many of these 
observations of little worth for our argument, there are some to which this objection 
cannot be applied. Among these are the isopropylation of toluene by propene and alu- 
minium chloride in a mixture of benzene and nitrobenzene or by use of boron trifluoride, 
and the alkylation of toluene with alkyl bromides and gallium bromide. In these 
substitutions about 27% of meta-isomer is obtained in tsopropylation; a somewhat lower 
proportion (20%) for ethylation and a higher (32%) for the introduction of the éert.-butyl 
group.’ It is fairly generally accepted that these alkylations are electrophilic and take 
place either by way of a kinetically free carbonium ion or by a heterolytic displacement. 
rhe similarity between the distribution of isomers in these alkylations and in the reaction 
between toluene and cyclohexyl toluene-p-sulphonate is sufficiently striking to suggest 
a common type of substitution for all of them. 

If this argument is valid, there are two probable routes for the alkylation by esters 
of sulphonic acids: (a) thermal breakdown to olefin and sulphonic acid which, acting 
together, can alkylate the aromatic nucleus: 


ArH 
C,H,,°O-SO,-C,H,Me ——» C,H,, + HO-SO,-C,H,Me —— C,H,,-Ar + HO-SO,°C,H,Me 
or (b) by proton catalysis with the formation of a kinetically free carbonium ion (scheme i) 
7 Condon, J. Amer. Chem. Soc., 1949, 71, 3544; Schlatter, ibid., 1953, 75, 361; Brown and Nelson, 


ibid., p. 6292; Brown and Smart, ibid., 1956, 78, 6255. 
6s 
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or a heterolytic bimolecular reaction between the ester and the aromatic hydrocarbon 
(cf. Nenitzescu et al.) : 


C,H, ,-O-SO,-C,H,Me 

al — > [C,H,,]* + HOSO,C,H,Me . . . . . (i) 
CoH OSO,C.H.Me 

H ie C,H,,Ar-+ HO'SO,C,H.Me . . . . . (ii) 


A review of the experimental evidence excludes direct ionisation of the sulphonic ester 
as a serious factor in determining the course of the reaction. 

There are several reasons for not accepting scheme (a) as representing the main course 
of the alkylation. The most cogent is that the benzyl esters react in the same way as 
cyclohexyl and alkyl esters and the characteristics of the reactions are the same. It is 
clear that benzyl cannot effect substitution by mechanism (a) and it is a reasonable assump- 
tion that alkyl and cyclohexyl] also react by the same mechanism. 

It has been established by Nenitzescu e¢ al.3 that the reaction of benzyl esters with the 
aromatic nucleus is autocatalytic and proton-catalysed. Our observations, although 
qualitative, agree that these conclusions apply to the alkyl esters and no alkylation occurs 
when proton-catalysis is excluded by using a weak base such as dimethylformamide as 
solvent. The retarding effect of diethyl ether ? on the benzylation of benzene is no doubt 
attributable to the basic properties of the ether. 

Formation of olefins during alkylations with sec.-butyl, isopropyl, and tsobutyl esters 
of sulphonic acids has been established. This is best explained by deriving them from the 
carbonium ion, although it is not impossible that some may be obtained by thermal 
decomposition, especially during the earlier stages of the reaction. 


EXPERIMENTAL 

Introduction of cycloHexyl into the Benzene Nucleus—(a) Formation of cyclohexylmesitylene. 
Freshly distilled mesitylene (144 g., 1-2 moles) and cyclohexyl toluene-p-sulphonate (102 g., 
0-4 mole) were heated with stirring under reflux at 120°. Reaction set in after about } hr. and 
there was a slight evolution of heat and darkening. Heating was continued for 5 hr. On 
cooling, toluene-p-sulphonic acid separated as brownish crystals (benzylthiuronium salt, m. p. 
182°); no sulphinic acid was detected. The acid was neutralised by an excess of aqueous 
alkali, and the hydrocarbon layer separated with the help of ether, dried, and distilled, to give 
mesitylene and cyclohexylmesitylene, b. p. 160—164°/23 mm., n?? 1-5301 (59-5 g.). Reaction 
at 130° gave about 50% of cyclohexylmesitylene and some dicyclohexylmesitylene. 

cycloHexylmesitylene, redistilled over sodium, boils at 156°/19 mm. and has nf? 1-5302 
(Found: C, 88-9; H, 11-1. Calc. for C,,H,,: C, 89-0; H, 11-0%) (Bodroux ® gives n}, 1-535). 
In concentrated sulphuric and fuming nitric acid at 30—40° it gives a pale yellow dinitro- 
compound, m. p. 170-5° (Found: C, 61-6; H, 6-9; N, 9-6. (C,;H,,O,N, requires C, 61-6; 
H, 7-1; N, 9-8%). 

Dicyclohexylmesitylene, b. p. 130°/0-1 mm., forms needles, m. p. 103—104°, from light 
petroleum [Found: C, 88-3; H, 11-4%; M, 270 (Rast). C,,H,, requires C, 88-7; H, 11-:3%; 
M, 284). 

(b) Formation of cyclohexyltoluenes. cycloHexyl] toluene-p-sulphonate (127 g.) and toluene 
(280 g.), heated at 120° for 5 hr., gave cyclohexyltoluenes, b. p. 120—129°/20 mm., n? 1-5256 
(42-2 g.), and dicyclohexyltoluenes, b. p. 154—158°/1 mm., nv 1-5366 (15-1 g.) Each fraction 
was distilled over sodium for analysis: cyclohexyltoluene (Found: C, 89-7; H, 10-3. Calc. for 
C,,H,,: C, 89-6; H, 10-4%); dicyclohexyltoluene (Found: C, 89-2; H, 10-9. Calc. for C,gH,,: 
C, 89-0; H, 11-0%). 

For estimation of the ratio of the isomers, o-, m-, and p-cyclohexyltoluene were prepared by 





8 Bodroux, Ann. Chim. (France), 1929, 11, 511. 
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hydrogenation of the corresponding cyclohexenyltoluenes at 3—4 atm. over Raney nickel 
W4 in alcohol. 

The cyclohexenyltoluenes were prepared by dehydration of the tertiary alcohol from the 
reaction of cyclohexanone with the appropriate tolylmagnesium bromide. Dehydration of 
the alcohols was accomplished cleanly and conveniently by refluxing them for several hours 
with acetic anhydride. Table 2 summarises the constants of the isomeric 1-cyclohexeny]- 
toluenes and of the cyclohexyltoluenes. 


TABLE 2. 
cycloHexenyltoluenes cycloHexyltoluenes 
Found (%) Found (%) 
B. p. mp (temp.) Cc H B. p. Np (temp.) Cc H 
ortho... 108—109°/8 mm. 1-5453 (20°) 90-5 9-2 111°/10 mm. =_:1-5321 (18°) 89-7 10-2 
meta... 134°/13 mm. 1-5635 (17°) 90-7 9-4 122°/13 mm. 1-5239 (20°) 89-9 10-6 
para... 126°/9 mm. 1-5653 (16-5°) 90-3 9-4 114°/9mm. = 1-5243 (17°) 895 10-5 


Infrared spectra gave the isomer ratios of Table 1 with an accuracy of +1%. 

(c) Formation of cyclohexyl-m-xyene. m-Xylene (200 g.) and cyclohex toluene-p-sulphonate 
101-6 g.), heated at 120° for 5 hr., gave cyclohexyl-m-xylenes, b. p. 131—137°/16 mm., x3 
1-5262—1-5261 (47-0 g.). Redistillation gave a pure sample, b. p. 136°/18 mm., 7 1-5262 
(Found: C, 89-5; H, 10-4. Calc. for C,gH,9: C, 89-3; H, 10-7%). A comparison of the 
infrared spectrum with those from pure specimens of 4- and 5-cyclohexyl-m-xylenes showed that 
the product consisted of 4-cyclohexyl-m-xylene with about 7% of the 5-isomer; there were 
indications of the presence of the 2-isomer, but in very small amount. 

From the residues of the distillation of the cyclohexyl-m-xylenes from the alkylation, 4 : 6-di- 
cyclohexyl-m-xylene was obtained crystalline; it formed colourless needles, m. p. 108—108-5°, 
from alcohol (Found : C, 88-8; H, 11-3. C,H 39 requires C, 88-8; H, 11-2%). 

4-cycloHexyl-m-xylene was prepared in 12% yield by reaction of 2: 4-dimethylpheny]l- 
magnesium bromide with cyclohexyl toluene-p-sulphonate (cyclohexene and p-xylene were 
also formed), and had b. p. 145—-146°/20 mm., n?? 1-5263 (Found: C, 89-3; H, 10-8%). 

5-cycloHexyl-m-xylene had b. p. 126°/8 mm., i$ 1-5243 (Found: C, 89-3; H, 10-5%), 
and gave a trinitro-compound, m. p. 117—118° (Battegay and Keppeler ® give b. p. 142—143°/17 
mm., trinitro-compound, m. p. 117—118°). This hydrocarbon was prepared by hydrogenation 
(Raney nickel W4; alcohol; 3—4 atm.) of 5-cyclohex-1l’-enyl-m-xylene, b. p. 139°/12 mm., 
ni8 1-5530 (Found: C, 90-4; H, 9-7. Calc. for C,gH,,: C, 90-3; H, 9-7%) (Hey and Jackson '° 
give b. p. 157—158°/20 mm.). 

For comparison, the product of the reaction of cyclohexene with m-xylene and aluminium 
chloride was examined; it had b. p. 128°/11 mm., uj 1-5238 (Found: C, 89-3; H, 10-69%). 
From its infrared spectrum it was estimated to consist of 94% of 5-cyclohexyl-m-xylene 
with 4% of the 4-isomer. That it consisted mainly of 5-cyclohexyl-m-xylene was confirmed 
by the preparation of the trinitro-compound, m. p. and mixed m. p. 117—118°. 

(d) Formation of 2-cyclohexyl-p-xylene. p-Xylene (250 g.) and cyclohexyl toluene-p- 
sulphonate (127 g.), heated together for 5 hr., gave 2-cyclohexyl-p-xylene (63-2 g.), b. p. 
135°/12 mm., »? 1-5270 (Found: C, 89-5; H, 10-8%). Bodroux ® gives b. p. 261°, n}P 1-529. 

2 : 5-Dicyclohexyl-p-xylene (9-6 g.) was left after the monocyclohexyl compound had been 
distilled off. It crystallised from alcohol, and had m. p. 156—157° (Found: C, 88-5; H, 
11-0%). When it was refluxed with palladised charcoal for 36 hr. 2 : 5-dimethyl-p-terpheny], 
m. p. 180—182°, was formed (Deuschel ! gives m. p. 182—184°). 

(e) Formation of o- and p-cyclohexylphenols. Phenol (235 g.) and cyclohexyl toluene-p- 
sulphonate (127 g.) were heated at 120° for 5 hr. The product was treated with aqueous 
sodium hydrogen carbonate solution, and the phenols were taken up in ether and distilled to 
remove excess of phenol. The residue, consisting essentially of cyclohexylphenols, was 
separated into o- and -isomers by taking advantage of the sparing solubility of the sodium 
salt of the pava-isomer in an excess of 10% aqueous sodium hydroxide. The yield of crude 
p-cyclohexylphenol liberated from the sodium salt was 25 g. (m. p. 123—127°); purified by 

® Battegay and Keppeler, Bull. Soc. chim. France, 1924, 35, 989. 


10 Hey and Jackson, /J., 1934, 645. 
11 Deuschel, Helv. Chim. Acta, 1951, 34, 2403. 
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recrystallisation from toluene and light petroleum (b. p. <40°) it had m. p. 131° (Bodroux ° 
gives m. p. 131°) [benzoate, m. p. 117—118° (Lefebvre and Levas ™* give m. p. 118—119°)]. 

The ortho-isomer (22-9 g.), b. p. 136—138°/11 mm., m. p. 50—52°, liberated from the aqueous 
alkaline solution was recrystallised from light petroleum (b. p. <40°) and had m. p. 55—56° 
(Bodroux ® gives m. p. 56—57°) [dinitro-derivative, m. p. 106° (Baroni and Kleinau ™ give 
m. p. 106°)). 

(f) Formation of cyclohexylanisoles. Heating anisole (216 g.) with cyclohexyl toluene-p- 
sulphonate (127 g.) for 5 hr. gave a mixture of cyclohexylanisoles, b. p. 140—146°/17 mm., n? 
1-5328 (Found: C, 82-0; H, 9-6. Calc. for C,,H,,0: C, 82-1; H, 9-5%). Comparison of the 
infrared spectra gave the isomeric ratios of Table 1. 

Chilling the reaction product caused ~-cyclohexylanisole to separate, having m. p. 57—57-5° 
after recrystallisation from aqueous alcohol (Bodroux® gives m. p. 57—58°). This gave 
p-cyclohexylphenol, m. p. and mixed m. p. 131°, when heated with hydrobromic—acetic acid. 

Direct isolation of pure o-cyclohexylanisole could not be conveniently accomplished by 
distillation: the reaction product, freed as far as possible from the para-isomer, was heated 
with hydrobromic acid in acetic acid. o-cycloHexylphenol, isolated as described above, had 
m. p. and mixed m. p. 50—52°. 

Treatment of the o-cyclohexylphenol in alkaline solution with dimethyl sulphate gave 
o-cyclohexylanisole, b. p. 127°/10 mm., m. p. 27—28°, n? 1-5352 (supercooled) (Bodroux ® 
gives b. p. 267—268-5°, nj? 1-5365). 

m-cycloHexylanisole, b. p. 135°/9 mm., #18 1-5325 (Musser and Adkins ™* give b. p. 105— 
106°/1 mm., »% 1-5175) (Found: C, 82-1; H, 9-44), was obtained by hydrogenation (Raney 
nickel W4, alcohol, 3—4 atm.) of 3-cyclohex-1’-enylanisole, b. p. 149—150°/10 mm., n}%* 1-5702 
(Found: C, 83-2; H, 8-5. Calc. for C,,H,,O: C, 82-9; H, 8-6%). The latter compound was 
obtained by refluxing the product of the reaction of cyclohexanone and m-methoxyphenyl- 
magnesium bromide with acetic anhydride. 

(g) Formation of chlorophenylcyclohexane. From chlorobenzene (280 g.) and cyclohexyl 
toluene-p-sulphonate (127 g.), heated at 120° for 5 hr., there were obtained a fraction (A), b. p. 

25—145°/25 mm., n? 1-5350 (8-0 g.), and a dark residue of polymers of cyclohexene (30 g.). 
A pure compound was not obtained from (A) but it was shown that it consisted essentially of 
p-chlorophenylcyclohexane (Found: Cl, 18-6. Calc. for C,,H,;Cl: Cl, 18-3%) by oxidation to 
p-chlorobenzoic acid, m. p. and mixed m. p. 240—241°, with dichromate and diluted sulphuric 
acid. 

(h) Formation of bromophenylcyclohexane. Bromobenzene (250 g.) and cyclohexyl toluene-p- 
sulphonate (101-6 g.), heated at 120° for 5 hr., gave a product which was mainly polymerised 
cyclohexene (30 g.). There was a fraction (10 g.), b. p. 158—170°/20 mm., n2 1-5555—1-5550, 
which contained a high proportion of p-bromophenylcyclohexane (Found: Br, 26-5. Calc. for 
C,.H,,;Br: Br, 33-49%). No pure compound was isolated from this fraction but the presence 
of p-bromophenyleyclohexane was shown by converting it, through its Grignard compound, 
into p-cyclohexylbenzoic acid, m. p. and mixed m. p. 198° (Mayes and Turner ?5 give m. p. 
199°). 

A portion of the fraction oxidised by dichromate and dilute sulphuric acid gave 6-bromo- 
benzoic acid, m. p. and mixed m. p. 250—252°. 

(i) Formation of todophenylcyclohexane. Iodobenzene (250 g.) and cyclohexyl toluene-p- 
sulphonate (63 g.), heated at 120° for 5 hr., gave a fraction, b. p. 112—114°/0-8 mm., nv 1-5770 
(11:2 g.), which contained a high proportion of p-iodophenylcyclohexane (Found: I, 40-6. 
Calc. for C,,H,,I: I, 44:4%). It was oxidised to p-iodobenzoic acid, m. p. and mixed m. p. 
267—270°: by the Grignard reaction p-cyclohexylbenzoic acid, m. p. and mixed m. p. 196°, 
was obtained. 

Introduction of sec.-Butyl into the Aromatic Nucleus.—sec.-Butyl toluene-p-sulphonate was 
obtained as a reddish oil from the reaction of sec.-butyl alcohol with toluene-p-sulphony] chloride 
in pyridine under the conditions described elsewhere for the cyclohexyl ester.1® It distilled, in 
small quantities, without decomposition, but in the quantities required, distillation at 10-* mm. 


12 Lefebvre and Levas, Compt. rend., 1945, 220, 782. 

13 Baroni and Kleinau, Monatsh., 1936, 68, 251. 

14 Musser and Adkins, ]. Amer. Chem. Soc., 1938, 60, 664. 
15 Mayes and Turner, /., 1929, 50. 

16 Hickinbottom and Rogers, J., 1957, following note. 
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gave rise to considerable decomposition; for the experiments described below it was freed from 
excess of solvent and unchanged alcohol by drawing a stream of air through it at 0-1 mm., and 
then had 2? 1-5028 (Kenyon et al.” give n}¥ 1-5080). 

The reaction between this ester and the aromatic compound was carried out essentially as 
described for cyclohexylmesitylene. In all these alkylations an unsaturated gas, b. p. ~ 0°, 
was evolved and condensed in a cold trap. It was not further characterised, but from its 
method of formation and its approximate b. p. it was assumed to be but-2-ene. 

Reactions of sec.-Butyl Toluene-p-sulphonate——(a) With mesitylene. The sulphonic ester 
(45-6 g.) and mesitylene (120 g.) at 125°, in 5 hr., gave sec.-butylmesitylene, b. p. 102—103°/10 
mm., n?? 1-5078 (19-8 g.) (Found: C, 88-7; H, 11-3. C,,;H,» requires C, 88-6; H, 11-4%). 

(b) With p-xylene. From p-xylene (265 g.) and sec.-butyl toluene-p-sulphonate (114 g.) 
at 125° in 5 hr., sec.-butyl-p-xylene was obtained (36-7 g.), having b. p. 81—81-5°/8 mm., 
n® 1-4996 (Found: C, 88-9; H, 11-1. C,,H,, requires C, 88-8; H, 11-2%). 

(c) With m-xylene. The yield of sec.-butyl-m-xylene, b. p. 215—217-5°, n? 1-4980—1-4983, 
from sec.-butyl toluene-p-sulphonate (114 g.) and m-xylene (265 g.) at 122° (6 hr.) was 37-3 g. 
Redistillation gave hydrocarbon of constant refractive index, n?? 1-4982, and b. p. 96°/16 mm. 
(Found: C, 88-7; H, 11-1. Calc. for C,,H,,: C, 88-8; H, 11-2%). 

For comparison, 4-sec.-butyl-m-xylene was prepared from 2 : 4-dimethylphenylmagnesium 
bromide and sec.-butyl toluene-p-sulphonate in 21% yield. It boiled at 96°/16 mm. and 
had n? 1-4980 (Found: C, 88-9; H,11-4%). Infrared spectra showed that the hydrocarbons are 
substantially identical. Nightingale and Smith 8 record b. p. 84°/8 mm., n? 1-4939. 

(d) With naphthalene. Naphthalene (128 g.) and sec.-butyl toluene-p-sulphonate (45-6 g. 
at 120° in 5 hr. gave 14-1 g. of sec.-butylnaphthalene, b. p. 140—146°/15 mm., n? 1-5836 (Found: 
C, 91-3; H, 8-7. Calc. for C,gH,,: C, 91-2; H, 8-8%). The infrared spectra indicated the 
isomer ratio of Table 1 with an accuracy of +2%. 

a-sec.-Butylnaphthalene, prepared from «a-naphthylmagnesium bromide and _ sec.-butyl 
toluene-p-sulphonate in 20% yield, had b. p. 148°/18 mm., n® 1-5853 (Found: C, 91-2; H, 
8-6%), and gave a picrate, m. p. 76°, and 1: 3: 5-trinitrobenzene adduct, greenish-yellow 
(from alcohol), m. p. 68—71°. The constants recorded for a-sec.-butylnaphthalene do not 
agree with our values: Diuguid ® gives b. p. 180—189°/20—30 mm., n?? 1-5780; Tzukervanik 
and Terenteva * give b. p. 105—107°/2 mm., n? 1-5693 (picrate, m. p. 76°). 

8-sec.-Butylnaphthalene, b. p. 142°/13 mm., n?? 1-5793 (Found: C, 91-2; H, 8-8%) (Berg- 
mann and Weizmann * give b. p. 147—148°/33 mm., nf 1-5814) [picrate, m. p. 60—64° (Brown 
and Hammick* give m. p. 64—68°); 1:3: 5-trinitrobenzene adduct, greenish-yellow, m. p. 
81—85° (Brown and Hammick ™ give m. p. 80—83°)!, was obtained by hydrogenation of {-sec.- 
butenylnaphthalene, b. p. 157—158°/13 mm., nl? 1-6304 (Found: C, 92-2; H, 7-8. CyHy 
requires C, 92-3; H, 7-7%) with Raney nickel W4 in alcohol at 3—4 atm. at room temperature. 

8-sec.-Butenylnaphthalene was obtained by dehydration with boiling aqueous-alcoholic 
hydrochloric acid of 2-8-naphthylbutan-2-ol from methyl 8-naphthyl ketone. 

(e) With anisole. Anisole (108 g.) and sec.-butyl toluene-p-sulphonate (45-6 g.) at 120° 
(5 hr.) gave sec.-butylanisoles, b. p. 86—93°/8 mm., nm? 1-5050—1-5030 (13-0 g.) (Found: 
C, 80-3; H, 9-8. Calc. for C,,H,,0: C, 80-4; H, 9-8%%). Infrared spectra showed the isomer 
ratios of Table 1 with an accuracy of +3%. 

o-sec.-Butylanisole, b. p. 83—84°/9 mm., nj 1-5070 (Found: C, 80-5; H, 9-8%) was prepared 
in 11% yield from 2-methoxyphenylmagnesium bromide and sec.-butyl toluene-p-sulphonate. 
Its infrared spectrum indicated that it contained 3% of meta- and 5% of para-isomer. 

p-sec.-Butylanisole, b. p. 91-5°/9 mm., nj 1-5038 (Found: C, 80-2; H, 10-0%) (Klages * 
gives b. p. 106—108°/16 mm., n? 1-5062) was obtained in 23% yield from p-methoxyphenyl- 
magnesium bromide and sec.-butyl toluene-p-sulphonate. From its infrared spectrum this 
sample was estimated to contain 10% of meta- and 5% of ortho-isomer. 

m-sec.-Buiylanisole, b. p. 100°/14 mm., ni$* 1-5027 (Found: C, 80-4; H, 9-8%), was obtained 
by the hydrogenation (Raney nickel W4; alcohol; 3—4 atm.) of m-sec.-butenylanisole, b. p. 

17 Kenyon, Phillips, and Pittman, J., 1935, 1072. 

18 Nightingale and Smith, J. Amer. Chem. Soc., 1939, 61, 102. 

19 Diuguid, tbid., 1941, 68, 3527. 

20 Tzukervanik and Terenteva, J. Gen. Chem. (U.S.S.R.), 1937, 7, 637 

#1 Bergmann and Weizmann, /. Org. Chem., 1944, 9, 352. 

22 Brown and Hammick, /., 1948, 1395. 

*3 Klages, Ber., 1904, 37, 3987. 
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110—112°/13 mm., n}** 1-542 (Found: C, 81-5; H, 8-8. C,,H,,O requires C, 81-4; H, 8-7%), 
itself prepared from m-methoxyphenylmagnesium bromide and ethyl methyl! ketone. 

Introduction of isoPropyl into the Aromatic Nucleus.—isoPropyl toluene-p-sulphonate was 
obtained (from isopropyl alcohol) as a reddish oil as described for the preparation of cyclohexyl 
toluene-p-sulphonate.'® Small amounts could be distilled in a high vacuum without decom- 
position, but for larger quantities this was impracticable. The ester used in the work described 
below was freed from excess of isopropyl alcohol by drawing air through it at 0-1 mm. to give 
»® 1-5050 (Drahowzal and Klamann * give n? 1-5065). 

(a) Formation of isopropylnaphthalene. Naphthalene (256 g.) and isopropyl toluene-p- 
sulphonate (85-6 g.) at 125° in 4 hr. gave propene and isopropylnaphthalene (19-5 g.), b. p. 
134—134-5°/15 mm., nf}? 1-5918 (Found: C, 91-8; H, 8-4. Calc. for C,;H,,: C, 91-7; H, 8-3%) 
picrate, m. p. 80—82°; 1:3: 5-trinitrobenzene adduct, greenish-yellow, m. p. 95—98°). 

a-isoPropylnaphthalene, obtained in 30% yield by the reaction of a-naphthylmagnesium 
bromide with isopropyl toluene-p-sulphonate, had b. p. 138-5—39-5°/18 mm., x? 1-5924 
(Found: C, 91-7; H, 9-4%) [picrate, m. p. and mixed m. p. 81—83°; 1: 3: 5-trinitrobenzene 
adduct (from alcohol), m. p. and mixed m. p. 98—100-5° (Found: C, 59-1; H, 4-6; N, 10-9. 
C,sH,,,C,H,O,N, requires C, 59-5; H, 4-5; N, 11-0%)}. Kutz et al.*5 give b. p. 267-9°, n? 
1-5950 for a-isopropylnaphthalene; b. p. 268-2°, nf 1-5860 for the $-isomer. Cook ** gives 
m. p. 83-5—86° for the picrate of the 2-isomer. 

The infrared spectrum of «-isopropylnaphthalene was identical with that of isopropyl- 
naphthalene from the alkylation of naphthalene. 

(b) Formation of isopropylanisoles. Anisole (270 g.) and isopropyl toluene-p-sulphonate 
107 g.) at 123° in 5 hr. gave propene (8 c.c.) and isopropylanisoles, b. p. 73—80°/15 mm., n? 
1-5077—1-5063 (30-1 g.) (Found: C, 79-9; H, 9-4. Calc. for C,,H,,O: C, 80-0; H, 9-4%) 
Infrared spectra indicated the isomer ratios of Table 1 with an accuracy of +3%. 

o-isoPropylanisole, b. p. 80°/13 mm., nv 1-5085 (Found: C, 80-2; H, 9-5%) (Tambovtseva 
and Tzukervanik *" give b. p. 212—214°, n#? 1-5070), was obtained in 20% yield from o-methoxy- 
phenylmagnesium bromide and isopropyl toluene-p-sulphonate. From its infrared spectrum 
it contained 5% of meta- and 5% of para-isomer. 

p-isoPropylanisole, b. p. 86°/13 mm., ni? 1-5062 (Found: C, 80-2; H, 9-3%) (Tambovtseva 
and Tzukervanik *’ give b. p. 198—200°, n7? 1-5056), was prepared similarly from p-methoxy- 
phenylmagnesium bromide and contained 10% of meta- and 27% of the ortho-isomer. 

m-isoPropylanisole, b. p. 87°/13 mm., nj} 1-5042 (Found: C, 79-9; H, 9-6%), was prepared 
by hydrogenation (Raney nickel W4; alcohol; 3—4 atm.) of 2-m-methoxyphenylpropene, 
b. p. 86—87°/13 mm., nj} 1-5445 (Found: C, 81-0; H, 8-4. Calc. for C,,H,,O: C, 81-0; H, 
8-2%). Carpenter et al.*® give m-isopropylanisole, b. p. 59°/3 mm., »? 1-5042. Bergmann 
and Weizmann * give b. p. 110°/22 mm., n} 1-5399 for m-isopropenylanisole. 
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816. The Decomposition of Some Esters of Toluene-p-sulphonic 
Acid. 


By W. J. HickinBottom and N. W. RoceErs. 


THE literature contains references to the instability of sulphonic esters of benzyl and allyl 
alcohol and to the relatively unstable esters of some secondary alcohols.’ In all these 
decompositions, the free sulphonic acid is formed together with dark resin: from the 
esters of some secondary alcohols, formation of olefin has been reported.” 

To aid another investigation, cyclohexyl, cyclopentyl, and 1 : 3 : 3-trimethylbutyl toluene- 
p-sulphonate were examined. The pure esters can be preserved for months in the 
absence of moisture or acid: less pure samples decompose after a week or so with the form- 
ation of toluene-f-sulphonic acid and olefins and their polymers. The decomposition 
is hastened by heat and by addition of free sulphonic acid. At 120° the cyclohexyl ester 
decomposes completely in 1 hr. if sulphonic acid is added. The neutral product is resolved 
by distillation into well-defined portions corresponding to the C,, and the C,, hydrocarbon 
and a considerable amount of higher polymers. The C,, fraction contains a high pro- 
portion of saturated hydrocarbons: dicyclohexyl is present, and hydrocarbons which could 
not be dehydrogenated completely to aromatic hydrocarbons and presumably contain 
methyleyclopentane rings. The C,, fraction was obviously a mixture and contained 
unsaturated hydrocarbons. Decomposition of the cyclopentyl ester gave similar products. 
The third ester gave a dimer which was largely unsaturated and still retained in part the 
original structure of the alcohol; trimers and polymers were also formed. 


Experimental—Preparation of eyclohexyl toluene-p-sulphonate. Attention to detail is 
necessary for the best yield: in particular the pyridine should be dry and freshly distilled over 
barium oxide; the sulphony] chloride also should be dry and free from toluene-p-sulphonic acid 
and from hydrochloric acid. 

cycloHexanol (180 g., 1-8 moles) and pyridine (650 c.c.) were mixed in a 1-5-1. round-bottomed 
three-necked flask fitted with a Hirschberg stirrer driven by a heavy-duty motor. At —8° 
toluene-p-sulphonyl chloride (323 g., 1-7 moles) was added in three equal portions to the stirred 
solution, sufficient time being allowed to elapse between each addition to keep the temperature 
below —3°. The mixture became deep pink; it was stirred for 4 hr. after the chloride had 
been added and the temperature allowed to rise to 0°. The whole was stored at 0° overnight. 
The mixture, which had become solid, was removed with cold water (1500 c.c.) and treated with 
concentrated hydrochloric acid (11.). The crude ester was a golden-yellow oil which solidified 
(410 g., average of 15 preparations). 

Purification is best effected by dissolving the crude ester in the minimum amount of light 
petroleum (b. p. 40—60°), separating the clear upper layer, and chilling it while stirring. cyclo- 
Hexyl toluene-p-sulphonate separates as a white powder, m. p. 45-5—46° (380 g.) (Tipson 
et al.® give m. p. 45—46°). 

Thermal decomposition. cycloHexyl toluene-p-sulphonate (350 g.) and toluene-p-sulphonic 
acid (50 g.) were heated with occasional shaking at 120° under reflux for 1 hr. After about 
45—50 min., there was separation into two layers. Toluene-p-sulphonic acid was removed by 
neutralisation of the cooled mixture with a slight excess of aqueous sodium hydroxide (150 g. 
in 500 c.c. of water), and the neutral product taken up in ether, washed, dried, and distilled 
through a short Vigreux column, giving fractions, (a) b. p. 68—74°/1-2 mm., n? 1-4973 (16-1 g.), 
(6) b. p. 140—160°/1-2 mm., n? 1-5020 (6-2 g.), (c) b. p. 185—205°/0-1 mm., n? 1-5265 (6-0 g.), 
and (d) black residue (60 g.). No appreciable amount of cyclohexene was obtained. Redistil- 
lation of fraction (a) over sodium gave considerable material of b. p. 109—110°/17 mm., n? 
1-4775 (Found: C, 86-8; H, 13-4%; M, 155. Calc. for C,,.H,.: C, 86-7; H, 13-3%; M, 166. 
Calc. for C,,H.): C, 87-7; H, 12-3%). It was evident from the refractive indices of consecutive 

1 Féldi, Ber., 1920, 58, 1836; 1927, 60, 656; 1928, 61, 1609; Gilman and Beaber, J. Amer. Chem 
Soc., 1925, 47, 523; Medwedew and Alexejewa, Ber., 1932, 65, 131. 

2 Drahowzal and Klamann, Monatsh., 1951, 82, 467. 

’ Tipson, Clapp, and Cretcher, J. Org. Chem., 1947, 12, 133. 
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small fractions that more than one compound was present and that a clean separation could not 
be effected. The fractions were relatively stable in dilute aqueous potassium permanganate 
but were attacked by bromine in carbon tetrachloride. On treatment in chloroform with ozonised 
oxygen, 7 g. of the redistilled fraction gave 6-6 g. of recovered hydrocarbon, b. p. 109— 
115-5°/15 mm., n% 1-4758—1-4783. Dehydrogenation (0-8 g.) over palladised charcoal at 400° 
gave diphenyl, m. p. and mixed m. p. 70° (0-25 g.), and a liquid apparently resistant to further 
dehydrogenation. 

Fraction (b), redistilled over sodium, also gave no material of sufficiently constant b. p. or 
refractive index to indicate the separation of pure compound; all the fractions were unsaturated 
towards permanganate. A fraction, b. p. 118—122°/0-4 mm., nv 1-5050, contained C, 87-2; 
H, 12-6%, and had M, 230 (Calc. for C,,H39: C, 87:7; H, 12-3%; M, 246. Calc. for C,,H3,: 
C, 87-0; H, 13-0%). 

cycloPentyl toluene-p-sulphonate. This ester was prepared as was the cyclohexyl ester: it is 
best purified by chilling its concentrated solution in light petroleum (b. p. 40—60°), then having 
m. p. 27° (Drahowzal and Klamann * give m. p. 28°). 280 g. of this ester, heated at 90° with 
52 g. of toluene-p-sulphonic acid, gave a considerable amount of polymer and a fraction, b. p. 
80—86°/26 mm., n¥? 1-476—1-480 (18-9 g.) (Found: C, 87-1; H, 12-8. Calc. for C,oHj,: C, 
86-9; H, 13-1. Calc. for C,,H,,: C, 88-2; H, 11-8%). It slowly decolorises permanganate 
solution and reacts more rapidly with bromine in carbon tetrachloride. 

1: 3: 3-Trimethylbutyl toluene-p-sulphonate, colourless crystals (from light petroleum), m. p. 
46° (Found: C, 61-6; H, 8-1; S, 11-8. C,,H,.O,S requires C, 62-1; H, 8-2; S, 11-8%), 
decomposed at 90° after addition of toluene-p-sulphonic acid. The neutral product from 130 g. 
of ester was resolved by distillation into fractions, (i) b. p. 70—90°, n?? 1-3950—1-4032 (5 g.), (ii) 
b. p. 95—106°/16 mm., m2? 1-4455—1-4513 (20 g.), (iii) b. p. 150—160°/16 mm., nP 1-458 (5 g.), 
and (iv) a higher-boiling residue. The main fraction was unsaturated and is evidently a dimer 
from the 2: 2-dimethylpentenes (Found: C, 85-7; H, 14.4%; M, 177. Calc. for C,sHy: C, 
85-6; H, 14-49%; M, 196). On ozonolysis it gave a mixture of carbonyl compounds in which 
only 4: 4-dimethylpentan-2-one was identified with certainty (2: 4-dinitrophenylhydrazone, 
m. p. and mixed m. p. 97—98°). No formaldehyde was detected. Fraction (iii) was unsatur- 
ated and consists essentially of trimerised 2: 2-dimethylpentenes. Fraction (i) was evidently a 
mixture and contained some saturated hydrocarbon. 


The authors thank the Hydrocarbons Research Group of the Institute of Petroleum for support. 


UNIVERSITY OF LonDON, QUEEN Mary COoLLecgE, E.1. [Receitved, May 14th, 1957.] 





817. Complex Fluorides. Part X.* The Magnetic Moment of 
Hydrated Cobalt(m1) Fluoride. 


By H. C. Crark, B. Cox, and A. G. SHARPE. 


THE only strongly paramagnetic complexes of tervalent cobalt are the blue complex 
fluorides M,CoF, (where M = Li, Na, K, Rb, or Cs),) for which the magnetic moment is . 
about 5-2 B.M. (Bohr magnetons), close to the “spin-only”’ value for four unpaired 
electrons (4:90 B.M.). As the hydrated cobaltic ion Co,6H,O**, which is also blue, is 
diamagnetic,” the magnetic properties of the blue hydrated fluoride CoF;,3-5H,O have now 
been investigated. This unstable compound, obtained by electrolytic oxidation of a 
solution of cobaltous fluoride in 40% hydrofluoric acid,? might have two types of cobalt 
atom in a structure such as [Co,6H,O}[CoF,),H,O, or might be a simple aquo-compound 
(CoF;,3H,0),0-5H,O. There is no solvent in which its conductivity can be measured, but 
magnetic data can provide structural information. 

The hydrated fluoride obeys the Curie-Weiss law, and from measurements over the 

* Part IX, J., 1957, 3761. 

1 Hoppe, Rec. Trav. chim., 1956, 75, 569; for an earlier report on K,CoF, see Grey, J. Amer. Chem. 
Soc., 1946, 68, 605. 

2 Friedmann, Hunt, Plane, and Taube, ibid., 1951, 73, 4028. 

8 Barbieri and Calzolari, Z. anorg. Chem., 1928, 170, 109; Birk, ibid., 1927, 166, 284. 
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range 189—326° k the moment was calculated as 4-47 B.M. on the basis of the formula 
CoF;,3-5H,O in which all cobalt atoms are identical. The doubled formula, with the 
assumption that half of the cobalt ions had no unpaired electrons, leads to a moment, 
6-3 B.M. per paramagnetic cobalt ion, far in excess of that for the CoF,*~ ion (the 
discrepancy appears relatively small because of the dependence of magnetic moment on 
the square-root of the molar susceptibility), and the formulation of the compound 
with both dia- and para-magnetic cobaltic ions must therefore be rejected. The 
divergence between 4:47 B.M. and the value calculated for four unpaired spins may 
be due to antiferromagnetic interaction (we are indebted to a Referee for comments on 
this matter); however, » (doubled formula) must be 4/2 yp (single formula), and if the 
moment calculated on the single formula is too low and ought to be about 5 B.M., that 
calculated on the double formula would be no less than 7 B.M. per paramagnetic cobalt 
ion. No decomposition occurred during the measurements. 

It thus seems that when three of the fluoride ions in the CoF,°~ ion are replaced by 
water, the ligand field is still not strong enough to bring about any appreciable degree of 
spin-coupling, a result in direct contrast to that reported for the complex [CoF;,3NHg], 
which is said to be diamagnetic. 


Experimental.—Hydrated cobaltic fluoride was made according to Barbieri and Calzolari’s 
instructions;* cobalt was determined by decomposition with acidified potassium iodide 
solution, and titration of the liberated iodine with standard thiosulphate (Found: Co, 32-6. 
Calc. for CoF;,3-5H,O: Co, 32-9%]. This analysis (the mean of several concordant determin- 
ations) together with earlier ones * leave no doubt concerning the presence of 3$ molecules of 
water. Magnetic-susceptibility measurements were made as described by Clark, Curtis, and 
Odell,® correction being made for the diamagnetism of the fluoride ions and water. A plot of 
1/ym agaist temperature gave a straight line and a value of 60° for the Curie constant, from 
which the value » = 4-47 B.M. (calculated on the single formula) was obtained. 


Temp. (°K) 10° x, 10® xm 10* xm (corrected) 
198 52-7 9476 9556 
273 41-0 7371 7451 
298 38-0 6833 6913 
326 35-1 6293 6373 
AUCKLAND UNIVERSITY COLLEGE, NEw ZEALAND. 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, April 15th, 1957.] 


“ Cartledge, quoted by Pauling, ‘‘ Nature of the Chemical Bond,” Cornell Univ. Press, 1939, p. 117. 
5 Clark, Curtis, and Odell, J., 1954, 63. 





818. Some Maleimides, Maleamic Acids, and Phthalimides. 
By M. Z. BarakatT, S. K. SHEHAB, and M. M. E1-Sapr. 


In a recent paper + we reported condensation of succinic or phthalic acid with aromatic 
primary amines and 2: 4-dinitrophenylhydrazine by means of phosphoric oxide or zinc 
chloride in boiling dioxan to give imides and hydrazides respectively. Extension of this 
method to maleic acid has given 40—50% yields of various maleimides. 

Hydrolysis by hot 5% aqueous sodium hydroxide or cold 10% alcoholic potassium 
hydroxide converts N-phenylmaleimide into maleanilic acid,? and this reaction is reversed 
by heating the acid with phosphoric oxide in boiling dioxan or by fusion at 212°. 
Hydrolysis by dilute hydrochloric acid converts the imide into aniline and fumaric acid, 
isomerisation of maleic to fumaric acid by hydrogen halides being well known.® The 


1 Barakat, Shehab, and El-Sadr, J., 1955, 3299. 

* Cf. Moore and Miller, J]. Amer. Chem. Soc., 1942, 64, 1572. 

® Anschiitz, Annalen, 1889, 254, 175; Fittig, ibid., 1877, 188, 91; Kekulé, Annalen Suppl., 1861, 
1, 129. 
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reversible ring opening proves the cyclic structure of the imides and this is confirmed by 
insolubility of the substances in alkali and by absence of an aromatic amino-group in them. 

N-Arylmaleimides are distinguished from the corresponding succinimides and phthal- 
imides by a sensitive colour test: a crystal of the maleimide develops an intense pink 
colour in a few drops of 10° alcoholic potassium hydroxide; the colour is stable for an 
hour, then fades and disappears in about three hours. Acidifying the pink solution affords 
the maleamic acid. The colour is very faint when an alcoholic solution of the imide is 
treated with the reagent. 

Formation of maleamic acids from maleic anhydride and amines has been reported 
previously. With aromatic primary amines this reaction occurs readily in chloroform or, 
if the amine is insoluble therein, in acetic acid. 

Fusing phthalic acid with aromatic primary amines or arylhydrazines at 180° for 
fifteen minutes gives the phthalimide or NN-phthaloylhydrazine respectively in 65— 
70% yields. 

N’-Phenyl-NN-phthaloylhydrazine is converted into the 2: 4: 6-trinitrophenyl 
derivative when treated with oxides of nitrogen in boiling acetic acid. Phenol similarly 
yields picric acid. 


Experimental.—All the N-arylmaleimides were insoluble in 10% aqueous sodium carbonate 
(except N-p-carboxyphenylmaleimide) and gave no colour with sodium 1 : 2-naphthaquinone- 
4-sulphonate (test for primary aromatic amines 5). 

N-Phenylmaleimide. (a) Maleic acid (1-16 g., 0-01 mole), freshly distilled aniline (0-93 g., 
0-01 mole), and phosphoric oxide (3 g.) in dioxan (25 ml.) were refluxed for 2 hr., becoming 
intensely yellow. The cooled mixture was poured on ice, and the precipitated imide filtered 
off. The filtrate, on concentration, gave a further crop. The whole product recrystallised 
from water (charcoal) as pale yellow needles (0-87 g.), m. p. 90—91° (Found: C, 69-4; H, 4-25; 
N, 8-2. Calc. for CjpgH,O,N: C, 69-4; H, 4-05; N, 8-1%). 

(b) The imide (1 g.) and 5% aqueous sodium hydroxide (20 ml.) were refluxed for 5 min., 
cooled, and then treated with dilute hydrochloric acid until just acid. Maleanilic acid separated 
and recrystallised from aqueous alcohol as faintly yellow prisms (0-8 g.), m. p. 206—208° 
(decomp.) (Found: C, 63-1; H, 4-6; N, 6-85. Calc. for CjgH,O,N: C, 62-8; H, 4-7; N, 7-3%). 
M. p.s recorded are 198° and 187—187-5°. The acid gave no colour in 10% alcoholic potassium 
hydroxide but with one drop of sulphuric acid gave a bright yellow colour. 

(c) N-Phenylmaleimide (1 g.) was treated with cold 10% alcoholic potassium hydroxide 
(10 ml.). An intense pink colour immediately appeared which gradually faded during 1 hr. 
Acidification then precipitated maleanilic acid, m. p. and mixed m. p. 206° (decomp.). 

(d@) Maleanilic acid was also prepared by treating aniline (1 mol.) with maleic anhydride 
(1 mol.) in chloroform at room temperature. 

(e) N-Phenylmaleimide (1 g.) was refluxed with 12% hydrochloric acid (20 ml.) for 20 min., 
dissolving gradually. Aniline was detected in the mixture by means of sodium 1 : 2-naphtha- 
quinone-4-sulphonate and the carbylamine test. The rest of the mixture was concentrated to 
5 ml. and allowed to cool. Fumaric acid, m. p. and mixed m. p. 302° (0-2 g.), separated. 

(f) Maleanilic acid was converted into N-phenylmaleimide when heated under reflux (boiling 
ethyl benzoate bath; 212°) for 30 min. or when heated with phosphoric oxide in dioxan for 1 hr. 

The following new N-arylmaleimides were prepared similarly: 

N-p-Carboxyphenyl-, very pale yellow (from water), m. p. 234° (Found: C, 60-8; H, 3-4; N, 
6-6. C,,H,O,N requires C, 60-8; H, 3-2; N, 645%); N-o-methoxyphenyl-, cream-coloured 
(from water; charcoal), m. p. 139° (Found: C, 64-5; H, 4:25; N, 6-25. C,,H,O,;N requires 
C, 65-0; H, 4-4; N, 699%); N-p-acetylphenyl-, pale yellow needles (from water; charcoal), m. p. 
196° (Found: C, 66-9; H, 4-3; N, 6-5. C,,H,O,N requires C, 67-0; H, 4-2; N, 6-5%); p-acet- 
amidophenyl-, pale yellow (from water; charcoal), m. p. 217—218° (decomp.) (Found: C, 62-1; 
H, 4:4; N, 11-5. C,.H, 9O,N, requires C, 62-6; H, 4-35; N, 12-2%); N-2-naphthyl-, yellow 
(from aqueous alcohol; charcoal), m. p. 169° (red melt) (Found: C, 75-0; H, 3-9; N, 6-2. 
C,,H,O,N requires C, 75-3; H, 4:0; N, 63%). 

* Bergmann and Shapiro, J. Org. Chem., 1942, 7, 419; Werbin and Spoerri, J. Amer. Chem. Soc., 


1947, 69, 1681. 
’ Vonesch and Velasco, Arch. farm. bioquim. Tucumdn, 1944, I, 241. 
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N-2-Naphthylmaleimide (1 g.) with 10% alcoholic potassium hydroxide (10 ml.) at room 
temperature gave in 1 hr., after acidifying the pink solution, N-2-naphthylmaleamic acid, m. p. 
203° (lit.,¢ 190°). The maleamic acid was also prepared from 1 mol. each of 2-naphthylamine 
and maleic anhydride in chloroform at room temperature. 

N’-2 : 4-Dinitrophenylmaleoylhydvazine. Maleic acid (1-16 g., 0-01 mole), 2: 4-dinitro- 
phenylhydrazine (1-98 g., 0-01 mole), and phosphoric oxide (3 g.) in dioxan (50 ml.) were refiuxed 
for 2hr. The red colour faded to brown. The mixture was allowed to cool and poured on ice. 
The product was filtered off and crystallised from acetic acid (charcoal) in orange-red crystals, 
m. p. 226° (decomp.) (0-5 g.) (Found: C, 43-0; H, 2-1; N, 20-5. C,9H,O,N, requires C, 43-2; 
H, 2-2; N, 20-1%). 

Colour test. To 1—5 mg. of an N-arylmaleimide were added 2 drops of 10% alcoholic 
potassium hydroxide; an intense pink colour developed at once. N-Aryl-succinimides and 
-phthalimides gave no colour, except the p-nitrophenylphthalimide which gave an orange 
colour. Hydrazides of maleic, succinic, and phthalic acids gave at once a bluish-green colour, 
and 2: 4-dinitrophenylmaleoylhydrazine gave a blue colour which changed to yellowish-green 
with a purplish tint. Maleic acid gave no colour; the anhydride gave a faint orange-red colour; 
2 : 4-dinitrophenylhydrazine gave a brown colour. 

N-Acylmaleamic acids. All the maleimide derivatives dissolved in 10% aqueous sodium 
carbonate. 

Sulphadiazine (2-5 g., 0-01 mole) in hot glacial acetic acid (70 ml.) was filtered into a solution 
of maleic anhydride (0-98 g., 0-01 mole) in hot chloroform (40 ml.), and the mixture kept at 0°. 
The maleamic acid (2-1 g.), recrystallised from acetic acid, had m. p. 218—220° (decomp.) 
(Found: C, 48-3; H, 3-5; N, 16-1; S, 8-7. C,,gH,,O;N,S requires C, 48-3; H, 3-45; N, 16-1; 
S, 9-2%). 

Similarly acids were prepared, with the named properties, from sulphacetamide, pale yellow 
(from alcohol), m. p. 210—212° (decomp.) (Found: C, 46-0; H, 4-0; N, 8-8; S, 10-35. 
C,.H,,0,N,S requires C, 46-15; H,*3-85; N, 9-0; S, 10-3%); sulphamerazine, colourless (from 
acetic acid), m. p. 222—-224° (decomp.) (Found: C, 49-6; H, 3-6; N, 15-4; S, 8-5. C,;H,,0O;N,S 
requires C, 49-7; H, 3-9; N, 15-5; S, 8-8%); sulphamethazine, colourless (from alcohol), m. p. 
209° (decomp.) (Found: C, 50-9; H, 4-3; N, 15-15; S, 8-6. C,,H,,O,;N,S requires C, 51-1; H, 
4-3; N, 14-9; S, 8-5%); p-aminophenol, olive-green (from acetic acid—chioroform), m. p. 218— 
220° (decomp.) (Found: C, 57-9; H, 4-7; N, 6-4. C, 9H,O,N requires C, 58-0; H, 4-35; N, 
6-8%); methionine, colourless (from acetic acid—-chloroform), m. p. 158—160° (decomp.) 
(Found: C, 43-5; H, 5-0; N, 6-25; S, 13-35. C,H,,0;NS requires C, 43-7; H, 5-3; N, 5-7; S, 
13-0°%); p-bromoaniline, pale yellow (from acetic acid), m. p. 202—204° (decomp.) (Found: C, 
44-45; H, 2-9; N, 4-8; Br, 30-05. C,,H,O,NBr requires C, 44-4; H, 3-0; N, 5-2; Br, 29-6%). 

N-Arylphthalimides. Phthalic acid (1-66 g., 0-01 mole) was heated with aniline (0-93 g., 
0-01 mole) under refiux for 15 min. at 180°, cooled, and crystallised from benzene, giving 
N-phenylphthalimide (m. p. and mixed m. p.) (2-1 g.). Similarly were obtained, in ca. 70% 
yield, N-p-tolylphthalimide, and N’-phenyl- and N’-2 : 4-dinitrophenyl-NN-phthaloylhydrazine 
(m. p.s and mixed m. p.s). 

NN-Phthaloyl-N’-2 : 4 : 6-trinitrophenylhydrazine. N’-Phenylphthaloylhydrazine (1 g.) was 
refluxed in acetic acid (60 ml.) while oxides of nitrogen (from copper and nitric acid, d 1-45) were 
passed in for l hr. The mixture was allowed to cool, then poured on ice. The ¢rinitro-derivative 
was filtered off and recrystallised from acetic acid; it was bright yellow and had m. p. 298— 
300° (decomp.) (yield 0-65 g.) (Found: C, 45-5; H, 1-9; N, 18-7. C,,H,O,N, requires C, 45-0; 
H, 1-9; N, 18-8%). 


BIOCHEMISTRY DEPARTMENT, FACULTY OF VETERINARY MEDICINE, 
Carro UNIVERSITy, Giza, CAIRO. (Received, March 25th, 1957.) 


* La Parola, Gazzetta, 1934, 64, 919. 
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819. Molecular-orbital Calculations on Circumanthracene. 
By R. Pauncz. 


CIRCUMANTHRACENE was recently synthesised, X-ray measurements were given, and 
accurate bond-length computations were reported to be in progress.* 

As this molecule is one of the largest condensed aromatic systems known, it is interesting 
to see whether the M.O. method, which proved useful for smaller molecules, would be 
equally successful in this case. 


Arrows indicate free-valence numbers; bond orders and bond lengths are given in the upper and lower 
halves, respectively. 


0-458 0.524 





Therefore the bond orders, free-valence numbers, and bond lengths were calculated 
by the standard LCAO method, neglecting overlap. In correlating the bond orders and 
bond lengths the curve proposed by Goodwin and Vand? was used. The results are 
attached. For comparison the values for ovalene and coronene have been added. There 
is a striking resemblance between the three molecules: the bond lengths on the periphery 
are analogous and the respective internal bonds are also similar. 


' Clar, Kelly, Robertson, and Rossmann, J., 1956, 3878. 
2 Goodwin and Vand, ibid., 1955, 1683. 
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From this the chemical reactivity can also be expected to be analogous. For example 
the most reactive positions in radical reactions are the “‘ meso’’-positions in all three 
compounds. 


I acknowledge the help of Dr. M. Levy in the calculations. 


DEPARTMENT OF CHEMISTRY, ISRAEL INSTITUTE OF TECHNOLOGY, 
Haira, ISRAEL. (Received, April 5th, 1957.) 





820. The Ammines of Nickel(u) Cyanide. 
By E. E. AyNsLEY and W. A. CAMPBELL. 

INFORMATION in the literature on the ammines of nickel cyanide is both confused and 
contradictory. The following compounds are reported to have been prepared by treating 
nickel cyanide with concentrated ammonia solution: [Ni(CN),,NH3]2,H,O; 1? Ni(CN).,NH, 
with variable quantities of water;* Ni(CN),,4NH3,2H,O;* Ni(CN).,NH3,0-2H,O, and 
Ni(CN).,2NH3,3H,0.4 Hofmann and Hochtlen,‘ on the other hand, reported the formation 
of Ni(CN),,4H,O on dissolution of nickel cyanide in ammonia and storage for several days. 
This statement is repeated in several standard works.® 

We have attempted to prepare these compounds by the methods described in the 
literature, and find that nickel cyanide forms two ammines, v2z., unstable Ni(CN) ,4NH ;,2H,O 
and stable Ni(CN),,NH3,H,O. The former is stable under concentrated ammonia solution, 
but on exposure to air quickly crumbles to a powder and loses ammonia and water, at 
first rapidly and then slowly, leaving the pale blue, stable monoammoniate monohydrate. 
The latter compound can also be prepared as a pale blue precipitate when the ammoniacal 
solution of nickel cyanide is acidified with acetic acid. It remains unchanged in air or on 
prolonged boiling with water, but loses ammonia in boiling dilute potassium hydroxide. 
At 160° it is converted into Ni(CN),,NH, although this change cannot be effected com- 
pletely without slight loss of ammonia. 


Experimental —Preparations of Ni(CN),,4NH,;,2H,O. The method of Hofmann and 
Hochtlen 5 was used. Nocrystals had been formed at the end of a week, but when the mixture 
was kept overnight at 5° large deep blue needles separated. Nickel was determined (a) by 
ignition to oxide and (b) as nickel dimethylglyoxime, total nitrogen by Kjeldahl digestion in a 
sealed tube, and ammonia by distillation from 0-1N-sodium hydroxide. In each case the 
compound was weighed under water to prevent decomposition [Found: Ni, 27-7; N, 39-6; 
NH,, 31-5. Ni(CN),.,4NH;,2H,O requires Ni, 27-2; N, 39-0; NH;, 31-6%]. 

The preparation reported by Hertel, Rissel, and Riedel ? was repeated using (a) cold and 
(6) hot ammonia (d 0-88). When either solution was kept at 5°, crystals of Ni(CN),,4NH,;,2H,O 
were deposited [Found: Product from (a), Ni, 27-4; N, 39-4; NH,, 31-4. Product from (bd), 
Ni, 26-8; N, 39-3; NH;, 31-:5%]. 

Preparations of Ni(CN),,NH;,H,O. A few large crystals of Ni(CN),,4NH,;,2H,O were 
spread out in a porcelain boat and a slow stream of dry air was drawn over them. Ammonia 
and water were evolved and the crystals crumbled to a pale blue powder of the monohydrate 
[Found: Ni, 40-0; N, 28-2; NH, 11-2. Ni(CN),,NH;,H,O requires Ni, 40-1; N, 28-8; NH;, 
11-6%]. In a further experiment, the loss in weight was determined [Found: 32-2%, corre- 
sponding to 100% conversion into Ni(CN),,NH;,H,O]. 

A portion of the ammoniacal solution of nickel cyanide prepared as above ® was made just 
acid with glacial acetic acid. A blue gelatinous precipitate was formed which could not be 
filtered and had to be washed by centrifugation (Found: Ni, 41-0; N, 27-9%). 

Effect of heat on Ni(CN),,NH,,H,O. No change in weight occurred when the compound was 
heated for 12 hr. at 140°, but at 150° water was driven off, and a maximum decrease in weight of 

1 Bernouilli and Grether, Chem.-Zig., 1901, 25, 436. 

2 Hertel, Rissel, and Riedel, Z. anorg. Chem., 1929, 178, 202. 

* Kocsis, Magyar Chem. Folydirat, 1934, 40, 147; Chem. Zenir., 1935, II, 494. 

* Cambi, Gazzetta, 1934, 64, 758. 

5 Hofmann and Héchtlen, Ber., 1903, 36, 1149. 


® Sidgwick, ‘“‘ The Chemical Elements and their Compounds,”’ Oxford, 1950, Vol. II, p. 1434; Newton 
Friend, ‘“‘ A Textbook of Inorganic Chemistry,” Griffin, London, 1920, Vol. IX, Pt. I, p. 132. 
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10-5% was observed (Calc. for loss of one molecule of water: 12-39%). On exposure of the dried 
material to air for 1 hr., moisture was absorbed equal to that lost at 150° and Ni(CN),,NH;,H,O 
was re-formed. 


Kinc’s COLLEGE, NEWCASTLE UPON TyNgE, l. (Received, April 15th, 1957.] 


821. A Method for the Identification of Pentitols and Hevxitols. 
By J. Bappitey, J. G. BucHANAN, and B. Carss. 


Potyots have been separated from each other and identified by paper chromatography 
in a variety of solvents,’ and by paper electrophoresis in the presence of borate.* The 
polyols are usually detected on the paper by the application of oxidising agents. In the 
paper-chromatographic method the degree of separation of individual pentitols and 
hexitols from other members of the series is not large and it is frequently difficult to achieve 
more than a broad classification into the groups tetritols, pentitols, and hexitols. Asa 
result of work on the chemistry of nucleotides containing polyol residues,* and from the 
behaviour of polyol phosphates under acidic conditions,5 we have developed a convenient 
paper-chromatographic method for the identification of all the pentitols and hexitols. 

It is known that tetritols, pentitols, and hexitols and their derivatives are converted 
into anhydro-compounds containing 5-membered rings when heated with concentrated 
acids, frequently under anhydrous conditions. We found, however, that polyol phosphates 
and even the free polyols were converted, at least in part, into anhydro-compounds in 
dilute acid. Wide variation in the ease of cyclisation occurred with different polyols. 





Ry of coloured spots 


Ry of polyol blue yellow ——% green magenta 
ME GOTMIOE  cccccecccvcscovcssccscceses 0-65 0-75 — —_ 
DRE. idecetincasdsesntacensowesaes 0-62 0-71 -- -= 
PUNE: cctenntcconcedeecnnenesssxscce 0-63 0-68, 0-73 _~ —_ 
PME ceractcscccsscscnvercesencenes 0-61 0-72 — — 
ATBOI ncccecccccescccscccscocccccesecse 0-63 — 0-71 — 
PIE nev ssnsiessanemtanesisnmveunenss 0-61 0-74 0-70 — 
0-77 (v. faint 
IE | Uicdnrasscnidicseesissuctaterss 0-58 — 0-68 0-72 
DIE obsccscctvcenesccssccccieteres 0-59 — 0-68 —_— 
BONNE. cecccccéescsnceseucacecesisces 0-58 — 0-72 0-72 
EEED cnkncqnacsenisteminiesenmnenses 0-61 as — 0-74 


Under conditions which bring about extensive decomposition of ribitol to 1 : 4-anhydro- 
ribitol,® arabitol and xylitol were only slightly affected. It was possible to identify the 
three pentitols by treatment with 2N-hydrochloric acid at 100° for 17 hours, evaporation, 
and examination of the products by paper chromatography in n-propyl alcohol-ammonia 
(d@ 0-88)—-water (6:3:1). Unchanged polyols and the anhydro-compounds were detected 
by spraying the paper with the periodate—Schiff reagents for glycols.* 

Hexitols were also converted to various extents into anhydro-compounds under similar 
conditions. Allitol was completely converted into an anhydro-compound which appeared 
as a yellow spot, gradually becoming green. Ribitol and talitol were largely decomposed, 
the former giving a blue spot and the latter a yellow spot, which became green, and a blue 
spot. The tetritol, erythritol, was also partly converted into a single product giving a 
blue spot. Although.other pentitois and hexitols were only slightly affected, the number 
and colour of the spots observed were characteristic in all cases. The products are almost 
certainly anhydro-compounds containing 5-membered rings.5 The Ry» values on Whatman 
No. 4 paper (ascending chromatography) and colours observed for the products are given 
in the Table. ° 

1 Hough, Nature, 1950, 165, 400. 

Buchanan, Dekker, and Long, J., 1950, 3162. 
Gross, Nature, 1955, 176, 362. 


2 

3 

* Baddiley, Buchanan, Carss, and Mathias, J., 1956, 4583. 
* Baddiley, Buchanan, and Carss, J., 1957, 4058. 
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The amount of anhydro-compounds formed in some cases is probably small. However, 
the characteristic colours produced by the periodate-Schiff spray were readily observed 
from samples of about 100 ug. of the original polyol. Considerably smaller samples of 
certain polyols, e.g., ribitol, may be identified by this method. The quality of dye used 
in the preparation of the Schiff reagent is most important. We have obtained reliable 
results with reagent prepared from “ pararosaniline hydrochloride ”’ supplied by Hopkin 
and Williams, but other preparations of magenta or pararosaniline are frequently 
unsatisfactory. 

The polyols which were converted most readily into anhydro-compounds, allitol, 
ribitol, and talitol, are those in which at least three consecutive secondary hydroxyl groups 
are conventionally depicted on the same side of the carbon chain. It would seem that 
these polyols in acid solution are in a particularly favourable steric conformation for 
cyclisation. The reason for this is not known but may be related to the degree of hydrogen 
bonding between hydroxyl groups in the chain. 

The intensity of the coloured spots formed may not be a reliable guide to the extent 
of anhydropolyol formation. Those anhydro-compounds formed from pentitols and 
containing trans-glycol groups in the ring react slowly with periodate, and the sensitivity 
of the test in such cases will be lower. More reliable estimates of the extent of reaction 
were obtained by observing the intensity of the spot corresponding to unchanged polyol. 
The sensitivity of the reagents is approximately equal for all the acyclic polyols. 

Samples of threitol have not been available to us, but it is probable that this tetritol 
would yield a single anhydro-compound slowly. The #ans-glycol grouping in the anhydro- 
compound would result in the production of a weak blue spot on the paper. 

The value of this method for the identification of polyols has already been demonstrated 
in the determination of the structure of cytidine diphosphate ribitol, (CDP)-ribitol. 
Moreover, it has now been shown in a similar manner that D-mannitol 1(6)-phosphate 
isolated from Lactobacillus arabinosus ®* contains a small amount of ribitol phosphate. 
When the analytically pure hexitol phosphate sample was examined by the above method 
a spot corresponding to 1 : 4-anhydroribitol was clearly visible on the paper. Synthetic 
mannitol phosphate (kindly supplied by Dr. N. O. Kaplan) did not give this spot. The 
method has also been used to demonstrate the presence in L. arabinosus of a polymer 
containing ribitol phosphate and glycerophosphate residues.’ 


We are indebted to Professor T. Reichstein for samples of allitol, talitol, and iditol, to the 
Council of King’s College for the award of a George Angus Studentship (to B. C.), and to the 
Rockefeller Foundation for a grant. 

KinG’s COLLEGE, UNIVERSITY OF DURHAM, 

NEWCASTLE UPON TYNE. (Received, April 26th, 1957.) 


® Baddiley, Buchanan, Carss, Mathias, and Sanderson, Biochem. J., 1956, 64, 599. 
7 Baddiley, Buchanan, and Greenberg, unpublished work. 


822. Synthesis of 3-Nitro-2-naphthol. 
By D. Woopcock and D. R. CLIFFORD. 


In connection with work on plant-growth regulating substances 3-nitro-2-naphthol, the 
only unknown mononitro-2-naphthol, was required. The obvious preparative route, 
from 3-nitro-2-naphthylamine? by diazotisation and subsequent decomposition, failed in 
our hands, as did various attempts to replace the diazonium group of diazotised 3-methoxy- 
2-naphthylamine by a nitro-group. The possibility of oxidising 3-methoxy-2-naphthyl- 
amine to the corresponding nitro-compound with peroxytrifluoracetic acid? was also 
examined without success. 

1 van Rij, Verkade, and Wepster, Rec. Trav. chim., 1951, 70, 236; Ward, Coulson, and Hawkins, 


J., 1954, 2974; Curtis and Viswanath, Chem. and Ind., 1954, 1174. 
? Eamons and Ferris, J]. Amer. Chem. Soc., 1954, 76, 3468. 
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2-Naphthol was reduced to the 5: 6: 7 : 8-tetrahydro-compound by Raney nickel and 
hydrogen*® in 50% yield. Nitration by means of liquid nitrogen tetroxide afforded 
5: 6:7: 8-tetrahydro-3-nitro-2-naphthol ¢ which on dehydrogenation should give 3-nitro- 
2-naphthol. Whilst bromine has recently been successfully employed in a similar con- 
version of 5:6: 7: 8-tetrahydro-2 : 3-dinitronaphthalene,® in the present work dehydrogen- 
ation was found to be accompanied by bromination of the nucleus. N-Bromosuccinimide, 
however, gave a gummy brominated tetrahydro-compound which by a two-stage dehydro- 
bromination in a manner similar to that used in the latest preparation of 3-nitro-2-naphthyl- 
amine ® gave 3-nitro-2-naphthol. Its identity was confirmed by methylation and 
subsequent reduction to the known 3-methoxy-2-naphthylamine. 

Experimental.—5 : 6: 7 : 8-Tetrahydro-2-napiithol. 2-Naphthol (200 g.) was shaken with 
Raney nickel (ca. 5 g.) in a rockirg autoclave at 200° and an average hydrogen pressure of 
33 atm. for 2 hr. On cooling, the resultant mass was dissolved in ether and filtered from 
catalyst, and naphtholic material extracted by 2N-sodium hydroxide. The product obtained on 
acidification was extracted with ether, the extract dried (Na,SO,), and the solvent removed. 
Distillation of the residue gave av-tetralol (106 g.), b. p. 120—122°/2-5 mm., which crystallised 
from light petroleum (b. p. 60—80°) in plates, m. p. 58—61° (Stork * gives m. p. 59—60°). 

5:6: 7: 8-Tetrahydro-3-nitro-2-naphthol. Nitration of ar-tetralol (48 g.) by the method of 
Thoms and Kross * gave the nitro-compound (17-2 g., 279%) which crystallised from aqueous 
methyl alcohol in golden-yellow prisms, m. p. 89—$0° (Found: N, 7-25. Calc. for C,»H,,0O,N: 
N, 7:25%). Thoms and Kross * give m. p. 88—89°. The acetyl derivative crystallised from 
methyl alcohol in monoclinic prisms, m. p. 102—103° (Found: C, 61-4; H, 5-8; N, 6-2. Calc. 
for C,,H,,0,N: C, 61-3; H, 5-5; N, 60%). Thoms and Kross ‘ give m. p. 100°. 

1-Bromo-5 : 6: 7 : 8-tetrahydro-3-nitvo-2-naphthol. (a) The above nitronaphthol (1 g.) was 
treated with bromine (0-5 ml., 2 mols.), and heated at 100° until evolution of hydrogen bromide 
ceased, and then at 180° for 0-5hr. After cooling, the dark product was extracted with ether and 
removal of the solvent gave yellow prisms, m. p. 129-5—130° [from ether—light petroleum (b. p. 
40—60°)] (Found: C, 44-4; H, 3-7; N, 5-2. C,9H,,O,;NBr requires C, 44-1; H, 3-7; N, 5-1%). 
The acetyl derivative crystallised from methyl] alcohol in prisms, m. p. 96—97° (Found: C, 46-1; 
H, 3-9; N, 4-4. C,,H,,O,NBr requires C, 45-9; H, 3-8; N, 4-5%). 

(b) A solution of 5:6: 7: 8-tetrahydro-3-nitro-2-naphthol (1 g.) in glacial acetic acid 
(10 ml.) was stirred during the addition of bromine (0-3 ml., 1-2 mol.) and for a further 1 hr. 
Dilution with water (10 ml.) gave a yellow product which crystallised from aqueous dioxan in 
prisms, m. p. and mixed m. p. 128—129°. 

1 : x-Dibromo-3-nitro-2-naphthol. The above monobromonaphthol (0-5 g.) and bromine 
(0-3 ml., 2 mols.) were heated at 100° until the evolution of hydrogen bromide ceased and then 
at 180° for 0-5 hr. Crystallisation of the product from ethyl alcohol gave deep orange-red 
prisms, m. p. 170—171° (Found: C, 34-8; H, 1-5; N, 4:2. C,,H;O,;NBr, requires C, 34-6; H, 
1-4; N, 4-0%). 

3-Nitro-2-naphthol. A solution of 5: 6: 7: 8-tetrahydro-3-nitro-2-naphthyl acetate (2-5 g.) 
in carbon tetrachloride (40 ml.) was treated with N-bromosuccinimide (recrystallised from water, 
finely powdered, and dried in vacuo for 12 hr.; 3-8 g.) and benzoyl peroxide (0-12 g.) and boiled 
for 4 hr. The carbon tetrachloride was removed in vacuo from the filtered solution and the 
gummy residue refluxed in methyl alcohol (30 ml.) with fused potassium acetate (3 g.) for 
15min. The solution, when poured into ice-water, gave a slightly sticky orange product which, 
after trituration with glacial acetic acid, was collected, washed with water, and dried. It had 
m. p. 131—133° (Found: N, 4-9. C,)>H,O,;NBr requires N, 5-2%). This monobromo-compound 
was usually extracted with ether and after removal of the solvent, refluxed for 3 hr. with 96% 
ethyl alcohol (40 ml.) and hydrochloric acid (d 1-2; 15 ml.). Pouring the solution into water 
gave 3-nitro-2-naphthol which was washed with water anddried. Crystallisation from ether-light 
petroleum (b. p. 60—80°) gave rosettes of orange-red prisms, m. p. 103—104° (Found: C, 63-1; 
H, 3-8; N, 7-6. C,9H,O,N requires C, 63-5; H, 3-7; N, 7-4%). The acetyl derivative crystal- 
lised from aqueous methyl alcohol in pale yellow prisms, m. p. 97—98° (Found: C, 62-6; H, 
3-8; N, 6-1. C,,H,O,N requires C, 62-3; H, 3-9; N, 6-1%). The methyl ether crystallised from 

* Adkins and Krsek, J. Amer. Chem. Soc., 1948, 70, 412; Stork, ibid., 1947, 69, 576. 

: Thoms and Kross, Arch. Pharm., 1927, 265, 336. 
6 





Ward and Coulson, /., 1954, 4545. 
Curtis, personal communication. 
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light petroleum (b. p. 40—60°) in lemon-yellow prisms, m. p. 81—82° (Found: C, 65-2; H, 4-7; 
N, 7-1. C,,H,O,N requires C, 65-0; H, 4-4; N, 6-9%). 

3-Methoxy-2-naphthylamine. The above methyl ether (0-5 g.) was shaken in tetrahydro- 
furan (10 ml.) with Raney nickel in hydrogen until no further gas was absorbed. Removal of 
the solvent from the filtered solution and crystallisation of the residual oil from aqueous methyl 
alcohol gave stout prisms, m. p. 107—108°, undepressed by admixture with 3-methoxy-2- 
naphthylamine, m. p. 109—110°, prepared by the method of Jambuserwala, Holt, and 
Mason.’ 


The authors thank Professor W. Baker, F.R.S., for making available the high-pressure 
reductor, and also Dr. R. F. Curtis. 


DEPARTMENT OF AGRICULTURE AND HORTICULTURE, UNIVERSITY OF BRISTOL, 
RESEARCH STATION, LoNG ASHTON, BRISTOL. (Received, May 7th, 1957.2 


7 Jambuserwala, Holt, and Mason, J., 1931, 376. 





823. Some Experiments with Di-indolyls. 
By S. A. FASEEH and JoHN HARLEy-Mason. 
3 : 3’-DI-INDOLYI (I), m. p. 286—287°, was first obtained by Gabriel, Gerhard, and Wolter,? 
who found that, when boiled with hydrobromic acid, it was converted into an isomer, 
m. p. 207—208°, designated ‘‘ $-di-indolyl.”” A more convenient preparation of the 
3: 3’-isomer was devised by Oddo and Raffa,? who suggested an (unlikely) bisindolenine 
structure for the lower-melting isomer obtained by the German workers. 

Schmitz-Dumont, Hamann, and Geller* prepared 2 : 3’-di-indolyl, m. p. 206°, which 
was converted by nitrous acid into a hydroxyimino-derivative. We have now found that 
“ 8-di-indolyl”” is similarly converted into a hydroxyimino-derivative whose properties 
agree precisely with those given by Schmitz-Dumont e¢ al., and it is clear that “ 6-di- 
indolyl”’ is in fact the 2:3’-isomer. Evidently its formation from the 3 : 3’-compound 
(I) is an acid-catalysed rearrangement analogous to the long-known conversion of 3-phenyl- 
into 2-phenyl-indole by heating with zinc chloride.‘ 

In our hands, Seidel’s 5 modification of Madelung’s ® synthesis of 2: 2’-di-indolyl 
proved unsuccessful, but the compound was obtained satisfactorily by heating di-o-tolyl- 
oxamide with sodamide. 

Oxidation of 3: 3’-di-indolyl with lead dioxide gave a highly coloured crystalline 
dehydro-compound (II), which is isomeric with 6: 12-diazachrysene (III), reported * to 
be the structure of calycanine, a degradation product of the alkaloid calycanthine. How- 
ever, the di-indoleninylidene (II) could not be isumerised to the diazachrysene (III). 
Similar oxidations of 2 : 3’- and 2: 2’-di-indolyl gave coloured solutions, but attempts to 
isolate crystalline dehydro-derivatives were unsuccessful. 


Oty ATH A 


Experimental.—3 : 3’-Di-indolyl. This compound (I) [absorption spectrum in ethanol: 
Amax, 234, 291 my (log ¢ 4-59, 3-91); Amin. 218, 265 my (log e 4-41, 3-75)] was obtained in 59% 
yield by heating indole with sulphur as described by Oddo and Raffa* It was 
rearranged to “‘ B-di-indolyl” [absorption spectrum in ethanol: Amar, 224, 312 my (log « 


1 Gabriel, Gerhard, and Wolter, Ber., 1923, 56, 1032. 

Oddo and Raffa, Gazzetta, 1939, 69, 562. 

Schmitz-Dumont, Hamann, and Geller, Annalen, 1933, 504, 1. 

Fischer and Schmidt, Ber., 1888, 21, 1812. 

Seidel, Ber., 1944, 77B, 787. 

Madelung, Annalen, 1914, 405, 61. 

Woodward and Clark (unpublished) quoted by Saxton, Quart. Rev., 1956, 10, 119. 
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4-52, 4-36); Amin. 217, 266 mu (log e« 4-49, 3-85)} as described by Gabriel e al.) 
Treatment of the latter with nitrous acid gave the hydroxyimino-derivative, m. p. 243° (decomp.) 
(Found: C, 73-7; H, 4:0; N, 16-0. Calc. for C,,H,,ON;: C, 73-3; H, 4:5; N, 16-0%). 
Schmitz-Dumont et al. give m. p. 241°. 

2: 2’-Di-indolyl—A finely-powdered intimate mixture of thoroughly dried di-o-tolyl- 
oxamide (2-68 g.) and sodamide (1-17 g.) was heated on an oil-bath with stirring. The tem- 
perature was raised to 280—290° and kept there for an hour. After cooling the mass was 
ground under water, and kept overnight. The product was then filtered off and twice recrystal- 
lised from ethyl acetate giving plates (0-51 g.), m. p. 308—310°. Absorption spectrum in 
ethanol: Amax, 224, 270, 333, 351 my (log e 4-57, 3-82, 4-71, 4-68); Amin. 267, 277, 345 muy (log « 
3-79, 3-78, 4-49). 

3: 3’-Di-indoleninylidene. To a boiling solution of 3 : 3’-di-indolyl (0-5 g.) in ethyl acetate 
(100 ml.) lead dioxide (5 g.) was added, and the boiling mixture was shaken vigorously for 4 
min., and immediately filtered hot. On cooling, the filtrate deposited 3 : 3’-di-indoleninylidene 
0-3 g.) as lustrous bronze plates, which decomposed indefinitely without melting when heated 
(Found: C, 83-3; H, 4:5; N, 12-0. (C,,H,9N, requires C, 83-5; H, 4:35; N, 12-2%). The 
product was sparingly soluble in the common organic solvents giving golden yellow solutions, 
which soon decomposed when heated. Absorption spectrum in ethyl acetate: Amax, 269, 
302, 469 my (log ¢ 4-32, 4-25, 4-21); Amin, 249, 303, 424 my (log ¢ 4-06, 3-12, 4-18). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. ‘Received, May 10th, 1957.] 





824. Preparation of 2:3: 5-Trimethoxy- and 2:3: 6-Trimethoxy- 
benzaldehydes. 
By J. R. Mercuant, R. M. Natk, and A. J. MoUNTWALLA. 
2:3: 5-TRIMETHOXYBENZALDEHYDE has been prepared by Baker et al.’ by the Elbs 
persulphate oxidation of o-vanillin, and subsequent methylation. A modification of the 
method using pyridine * gave a better yield than that previously reported. 

The hitherto unknown 2:3: 6-trimethoxybenzaldehyde has now been synthesised 
from the known® 2-hydroxy-6-methoxy-3-methoxycarbonylbenzaldehyde. This was 
hydrolysed and the acid subjected to Elbs persulphate oxidation, 3-carboxy-2 : 5- 
dihydroxy-6-methoxybenzaldehyde being obtained in a fairly good yield. Attempts to 
decarboxylate this acid with hot quinoline or quinaldine, or with glass powder resulted 
only in the formation of tar. Decarboxylation, however, occurred with water at 135— 
140° giving 3 : 6-dihydroxy-2-methoxybenzaldehyde which was methylated to 2:3: 6- 
trimethoxybenzaldehyde. 


Experimental.—2 : 3 : 5-Trimethoxybenzaldehyde. Potassium persulphate (40-0 g.) in water 
(1000 c.c.) was dropwise added to a cooled, stirred solution of o-vanillin (20-0 g.) in pyridine 
(20 c.c.) and sodium hydroxide (200 c.c.; 2N). The mixture was left overnight at room tem- 
perature, then just acidified (hydrochloric acid), and extracted with ether. More concentrated 
acid (75 c.c.) and sodium sulphite (32 g.) were added to the aqueous portion which was then 
heated at 80° for } hr. The ether extract of the cooled solution furnished 2 : 5-dihydroxy-3- 
methoxybenzaldehyde, as yellow brown needles (3-2 g.), m. p. 142—143° (from benzene). 
Baker et al. give the same m. p. 

The aldehyde was methylated with dimethyl sulphate and potassium carbonate in acetone 
solution to give 2:3: 5-trimethoxybenzaldehyde, m. p. 61—62° (from light petroleum). 

2- Hydroxy -6- methoxy -3-methoxycarbonylbenzaldehyde. 2: 6-Dihydroxy-3-methoxycar- 
bonylbenzaldehyde (12 g.), dimethyl sulphate (6 c.c.), anhydrous potassium carbonate (30 g.), 
and dry acetone were gently refluxed for 8 hr. Filtration and removal of acetone left an oil 
which was washed with dilute sodium hydroxide and extracted with ether. Evaporation of 
ether gave the dimethyl ether as a yellow oil (3-9 g.). 

The potassium carbonate residue was treated with water and then with dilute potassium 

1 Baker, Brown, and Scott, J., 1939, 1923. 


* Rajagopalan, Seshadri, and Varadrajan, Proc. Ind. Acad. Sci., 1949, 30, A, 270. 
* Shah and Laiwalla, J., 1938, 1828. 
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hydroxide and filtered. The insoluble residue was separated and acidified to give 2-hydroxy- 
6-methoxy-3-methoxycarbonylbenzaldehyde, which formed thin flakes (3-1 g.), m. p. 121° 
(from rectified spirit). The alkaline filtrate gave starting material (4-5 g.). 

3-Carboxy-2-hydroxy-6-methoxybenzaldchyde. 2-Hydroxy-6-methoxy-3-methoxycarbonyl- 
benzaldehyde (5-0 g.) was hydrolysed with hot sodium hydroxide (100 c.c.; 10%) for 1 hr. 
The clear solution after acidification gave the acid which formed thin brown needles (4-0 g.), 
m. p. 225° (decomp.) (from alcohol). (Found: C, 55-1; H, 4:2. C,H,O; requires C, 55-1; 
H, 4:1%). It gives a red colour with alcoholic ferric chloride. 

3-Carboxy-2 : 5-dihydroxy-6-methoxybenzaldehyde. Potassium persulphate (5-2 g.) in water 
(140 c.c.) was added dropwise with stirring to a cooled solution of the above acid (4-0 g.) in 
sodium hydroxide (80 c.c.; 10%), and the mixture left overnight at room temperature. It 
was then just acidified and unchanged material removed. More concentrated hydrochloric 
acid (25 c.c.) was added and the mixture heated on the steam-bath for 1 hr. Extraction with 
ether afforded a pale yellow product which formed needles (2-1 g.), m. p. 196°, from acetic acid 
(Found: C, 51-1; H, 3-7. C,H,O, requires C, 50-9; H, 3-8%). It gives a brownish green 
colour with alcoholic ferric chloride. 

3 : 6-Dihydroxy-2-methoxybenzaldehyde. The above acid (1-0 g.) and water (30 c.c.) were 
heated at 135—140° for 8 hr. A large amount of charred material was filtered off and the 
filtrate extracted with ether. The yellow product crystallised from chloroform-light petroleum 
in thin pale yellow needles (0-25 g.), m. p. 85—86° (Found: C, 57-0, 56-9; H, 4-9, 4-8. C,H,O, 
requires C, 57-1; H, 48%). It gives a deep green colour with alcoholic ferric chloride. 

2:3: 6-Trimethoxybenzaldehyde. This was obtained as an oil on methylation of the decarb- 
oxylated product with dimethyl sulphate and anhydrous potassium carbonate in acetone. 
It formed a 2: 4-dinitrophenylhydrazone, thin crimson red needles, m. p. 221° (from acetic 
acid) (Found: N, 14-5. C,,H,,O;N, requires N, 14-99%). 

INSTITUTE OF SCIENCE, BomBay, 1, INDIA. [Received, May 10th, 1957.] 


825. The Structure of Sodium Stannate. 
By R. L. Witttams and R. J. PACE, 


THE chemical analysis of sodium stannate corresponds to the composition, Na,SnO3,3H,O 
However, the water is not removed by prolonged desiccation and can only be removed at 
140° in vacuo, during which process the nature of the substance is fundamentally altered. 
This suggests ! that the 3 water molecules form part of an ion [Sn(OH),]*~, a deduction 
supported by Wyckofi’s X-ray evidence that the lattice of potassium stannate was similar 
to that of potassium chloroplatinate with six groups arranged octahedrally around the 
central atom. 

Since it is frequently possible to distinguish spectroscopically between water of crystal- 
lization and hydroxyl groups, we have measured the infrared spectrum of sodium stannate 
over the range 2—15y. Only two absorption bands were found. The first was a relatively 
sharp, strong band at 3597 + 10 cm.! with an apparent half-width of 70 cm.!. This 
band had a weak shoulder at 3493 cm.-! which decreased to zero intensity at 3250 cm.*. 
The second band absorbed at 898 + 5 cm." and was of medium strength with an apparent 
half-width of 130 cm.-. 

The spectrum of water under a range of conditions, such as different concentrations 
and solvents, has been studied by Mecke and his co-workers,3 who found two principal 
absorptions, viz., a strong band at about 1630 cm. and two very strong bands around 
3500 cm., which merged together and shifted towards lower frequencies under conditions 
of strong hydrogen bonding. When the spectra of hydrated inorganic salts are examined, 
it is found that these two absorptions are almost always present. Thus, in the sixty-five 
hydrated salts examined by Miller and Wilkins,‘ the only possible exceptions are ammonium 
sulphite and manganese phosphate, all the others showing bands around 1630 and 3500 cm.-? 


1 Sidgwick, ‘“‘ The Chemical Elements and their Compounds,”’ Oxford Univ. Press, 1949, Vol. I, 
p. 602. 

2 Wyckoff, Amer. J. Sci., 1928, 15, 297. 

3 Greinacher, Liittke, and Mecke, Z. Elektrochem., 1955, 59, 23. 

* Miller and Wilkins, Analyt. Chem., 1952, 24, 1253. 
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In the spectrum of sodium stannate, even though the band at 3597 cm.-' is very strong, 
there is no trace of absorption around 1630 cm.- so that the presence of water of crystal- 
lisation is most unlikely. On the other hand, the frequency of 3597 cm.~ is consistent 
with those of the hydroxyl-stretching vibration in covalent molecules and in the hydroxyl 
ion. For the former a range 3650—3590 cm.“ is recorded, while similar values are found 
for the latter, e.g., the frequencies for potassium, sodium, and lithium hydroxides are 
3597, 3637, and 3678 cm.-, respectively.® 7 

The value of 3637 cm. for sodium hydroxide has been confirmed for a Nujol mull in 
this work, but an extra band was found at 3572 cm.-1. However, both bands differ from 
the sodium stannate frequency by considerably more than the experimental error, so that 
the stannate band did not originate in sodium hydroxide as impurity. 

The 898-cm.*! band of sodium stannate, can be assigned to the deformation vibration 
of the hydroxyl groups. Similar vibrations in primary alcohols 5 lie near 1050 cm.-1, but 
if the Sn—OH link possesses some ionic character then the frequency of the corresponding 
vibration in sodium stannate would be reduced. 

The spectrum of sodium stannate therefore shows no evidence of water of crystallization 
but is completely consistent with the structure Na,[Sn(OH).). 


Experimental.—Sodium stannate was precipitated from an aqueous solution of the commer- 
cial product by adding a carbonate-free sodium hydroxide solution until the concentration of 
the latter in the stannate solution reached 5n. The precipitate was filtered off, and washed with 
5n-sodium hydroxide, alcohol, and finally ether (Found: Na, 17-3; Sn, 44-1. Calc. for 
Na,SnO,,3H,O: Na, 17-2; Sn, 44-5. Loss in weight at 630°. Found: 19-6. Calc., 20-3%). 

The spectra were measured as Nujol or perfluorocarbon mulls with either a Grubb-Parsons 
S.3.A. double-beam spectrometer, fitted with a rock-salt prism, or a Grubb-Parsons G.S.2. 
grating spectrometer, equipped with a 2400 line/inch grating. 


We thank Mr. W. R. Cox for preparing and analysing the sodium stannate 


MINISTRY OF SUPPLY, EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT, 
WALTHAM ABBEY, ESSEX. [Received, May 15th, 1957.] 
5 Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,’’ Methuen, London, 1954, p. 83. 
® Jones, J. Chem. Phys., 1954, 22, 217. 
7 Busing, ibid., 1955, 23, 933. 





826. An Example of Correlation Between Taft's o* Parameters 
and Infrared Speciral Frequencies. 
By D. G. O’SULLIVAN and P. W. SADLER. 


Molecular-orbital calculations by Jafié + added cogency to the general supposition that the 
¢ values, obtained originally by Hammett ? from ionization constants of meta- and para- 
substituted benzoic acids, are related to the changes in electron density produced by 
inductive and resonance effects of substituents. Taft* has split these o values into 
inductive and resonance contributions, s =o; -+ cp. The recent demonstration* of 
precise correlations between nuclear magnetic shielding parameters for meta- and para- 
substituted fluorobenzenes * and o,; and cx values respectively has provided further com- 
pelling evidence for the total dependence of « values on polar effects of substituents. 
Substituent constants have also been constructed for ortho-groups and for general and 
aliphatic radicals. These are defined for the group R, compared with the methyl group, 
by o* = [log (k/ky)z — log (k/kq)4)/2-48, where k and ky are the rate constants for 
hydrolysis of R-CO,Et and Me-CO,Et respectively, and subscripts B and A refer to 

1 Jafié, J. Chem. Phys., 1952, 20, 279, 778, 1554. 

* Hammett, ‘‘ Physical Organic Chemistry,’”’ McGraw-Hill, New York, 1940, p. 188; Jaffé,. Chem. 
Rev., 1953, 58, 191. 

* Taft, “‘ Steric Effects in Organic Chemistry,”’ (Editor: M.S. Newman), John Wiley, New York, 
1956, pp. 578, 594; Roberts and Moreland, J. Amer. Chem. Soc., 1953, 75, 2167. 

‘ Taft, ibid., 1957, 79, 1045. 

5 Gutowsky, McCall, McGarvey, and Meyer, ibid., 1952, 74, 4809; Meyer and Gutowsky, J. Phys. 
Chem., 1953, 57, 481. 

* Taft, J. Amer. Chem. Soc., 1953, 75, 4231; 1952, 74, 2729, 3126. 
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alkaline- and acid-catalysed hydrolysis under otherwise identical conditions.’ Rate and 
equilibrium constants for reactants RY, in a wide variety of reaction types involving the 
Y group, obey the linear free-energy relation log k/ky (or K/Ky) = o*p*, where o* is the 
Taft substituent constant for the R group.* Evidence that o* values are direct measures 
of polar efiects of the Mulliken intrinsic electronegativity type,® although not yet as 
strong as for Hammett’s o-values, has sufficed for Taft to suggest that o*-values could be 
used to define polar effects.6 In chemical reactions generally, the nature of group R 
imposes other effects, classified as steric effects, on velocities and equilibria. 

The polar effect of R can sometimes modify the force constant of a bond in group Y 
and consequently influence its vibrational frequency. Thus the infrared spectral 
frequencies of many groups,® e¢.g., CO, NHz, OH, NOz, attached to a benzene ring are 
linearly related to the Hammett o value of a further substituent present in the meta- or 
para-position. Interesting frequency regularities also exist for ortho-substituted benzenoid 
compounds, and it has been stated that the OH stretching frequencies of carboxylic 
acids ! are linearly related to Taft constants.1* Frequency correlation studies in a variety 
of compounds has led Bellamy et al.1* to suggest that additional field effects frequently 
outweigh any direct polarization influence. However, when variation in group R produces 
proportional variation in the frequencies of corresponding bonds in the sets of compounds 
RY’ and RY”, it is reasonable to suppose that the frequency shifts are primarily dependent 
on the polar effect of R. This is confirmed by non-proportionality in cases where large 
field effects are expected. Bellamy and Williams }* have shown the existence of linear 
relations between the CO and NO frequencies in R-COMe and R-NO, for both the vapour 
and condensed phase, for a wide range of R groups. The main exception (R = CF) could 
readily be explained on the basis of different steric effects for rotational isomers."* Infra- 


o* Values of group R, carbonyl frequencies (cm.) of compounds R-COMe, and nitrosyl 
frequencies (cm.) of compounds R:NO. 


Vapour phase Condensed phase or solution 


eee dae A o* v(R-COMe) v(R-NO) v(R-COMe) v(R-NO) 
REEL 3-08 1872 1844 sie an 
OLIN Sea SaaS 2-94 1822 1799 1806 1813 
bk . eacatabbeanaamiaaenaiie 2-80 1827 1801 1814 1807 
Ii. scaiipdiiaataninedinncadi 1-65 we samp 1718 ¢ “— 
| RRA ie 1-55 1785 1696 oe — 
_ gphonenteoaecice: 1-46 ° 1774 1682 1742¢ a 
i iistdeubidinacckiialinste i-35¢ 1765 1676 1745 1653 
i: adssetiscuiaionatnlidle 0-60 1707 1520 1682 1513 


* Data quoted by Jones and Sandorfy (West, ‘‘ Chemical Applications of Spectroscopy,” Inter- 
science Publ., London, 1956, pp. 472, 483), remaining infrared data are quoted by Bellamy and 


Williams." 


¢ Value obtained from the Taft value * for the MeO-CH,: group by use of o*(MeO) = 


2-80*(MeO-CH 


2*).7 © Value inferred from Taft’s data* by use of the relations o*(EtO) = 


o* (MeO) [o*(MeO-CH,*)/o*(HO-CH,*)] = 2-8[0*(Me-O-CH,-)}*/0*(HO-CH,;). 


red frequencies 
approximation. 


and o* values, listed in the annexed Table, are iinearly related with good 
The equations of the regression lines for the frequencies are 

= 1690 + 52-566*(R-COMe, vapour phase) 

= 1500 + 110-1c*(R-NO, vapour phase) 

= 1655 + 53-71o*(R-COMe, condensed phase or solution) 


<¢¢é<¢é¢€ 


1458 + 124-30*(R-NO, condensed phase or solution) 





7 Taft, J. Chem. 


§ Mulliken, 7bdid., 


Phys., 


1957, 26, 93. 


1934, 2, 782; 1935, 3, 573; J. Phys. Chem., 1937, 41, 318; Moffitt, Proc. Roy. 
c., 1950, A, 202, 548. 
® Flett, Trans. Faraday Soc., 1948, 44, 767; Ingraham, Corse, Bailey, and Stitt, J. Amer. Chem. 


Soc., 1952, 74, 2297; Fuson, Josien, and Shelton, ibid., 1954, 76, 2526; Kross and Fassel, ibid., 1956, 
78, 4225; Davison, J., 1951, 2456; O’Sullivan and Sadler, J., 1956, 2202; J. Org. Chem., 1956, 21, 1179; 
Kellie, O’Sullivan, and Sadler, J., 1956, 3809; J. Org. Chem., 1957, 22, 29. 

10 O’Sullivan and Sadler, /., 1957, 2839. 





11 Goulden, Spectrochim. Acta, 1954, 6, 129. 


12 Bellamy, /., 


1955, 4221. 


13 Bellamy, Thomas, and Wiiliams, J., 1956, 3704; Bellamy and Williams, J., 1957, 861. 
14 Idem, J., 1957, 863. 
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and the respective correlation coefficients are 0-955, 0-967, 0-953, and 0-989. It must be 
stressed that no general correlation between o* and v values can be expected, as the shifts 
in the latter can depend on factors other than the electronegativity of the R group. How- 
ever, the existence of this correlation for the compounds listed provides mutual support 
for the views of Bellamy ' and of Taft,* and adds to the mounting evidence supporting 
the general validity of o* constants. 


CouRTAULD INSTITUTE OF BIOCHEMISTRY, 
THE MippLEsEx Hospitat, Lonpon, W.1. (Received, May 16th, 1957.) 





827. Some Compounds from 5-Methoxy-8-methyl- and 
5-Methoay-6 : 8-dimethyl-1-tetralones. 
By WesLey Cocker, B. E. Cross, and W. R. N. WILLIAMSON. 
DuRING a wider investigation these tetralones were prepared and their properties examined. 
2-Ethoxycarbonyl-5-methoxy-8-methyl- and 2-ethoxycarbonyl-5-methoxy-6 : 8-di- 
methyl-1-tetralones were obtained from the corresponding methoxymethyl- and methoxy- 
dimethyl-tetralones.! via the glyoxylates by Bachmann’s method.?, They did not react 
with ethyl «-bromopropionate in the presence of sodium ethoxide (cf. Cocker and Lipman 8). 
Bromination of 5-methoxy-8-methyltetralone in ether gave the 2-bromo-compound 
which was dehydrobrominated to 5-methoxy-8-methyl-l-naphthol by boiling dimethyl- 
aniline. Refluxing the bromo-tetralone in diethyl methylmalonate—pyridine gave a 
bromo-pyridinium salt, which failed to react with the ester. 
Both parent tetralones behaved normally as active methylene compounds. 


Experimental.—Light-absorption measurements were determined in 95° ethanol, a Beck- 
man D.U. spectrophotometer being used. 

Ethyl 5-methoxy-8-methyl-1-oxo-2-tetralylglyoxylate. A solution of 5-methoxy-8-methyl-1- 
tetralone ! (5-1 g.) in diethyl oxalate (3-5 g.) was added to cooled solid sodium ethoxide [from 
sodium (0-57 g.)] at 5—7°. The mixture was left overnight, then decomposed by ice-water, 
followed by hydrochloric acid. The resulting oil was refluxed in benzene with charcoal and 
extracted with 2% sodium hydroxide solution. Acidification afforded the glyoxylate (3-1 g.), 
yellow needles, m. p. 70—70-5° [from light petroleum (b. p. 60—80°)] (Found: C, 65-4; H, 6-3. 
C,,H,,O; requires C, 66-2; H, 6-2%). It gave an intense red-violet colour with ferric chioride 
in ethanol.? 

2-Ethoxycarbonyl-5-methoxy-8-methyl-1-tetralone. The glyoxylate (1-22 g.) was heated with 
powdered soft glass (1-22 g.) at 175—180° for 1-5hr. The oil (1-05 g.) so produced was collected 
in ether, from which by removal of solvent and addition of light petroleum (b. p. 40—60°) 
a solid was obtained. Recrystallisation from light petroleum (b. p. 60—80°) and finally from 
ethanol gave the ethoxycarbonyl-tetralone, very pale yellow needles, m. p. 76-5—77-5° (Amax. 229, 
257, 325 mu; log ¢ 4:38, 3-98, 3-56, respectively) (Found: C, 69-0; H, 6-8. C,;H,,O, requires 
C, 68-7; H, 6-9%). It gave a green ferric chloride reaction in ethanol.? 

2-Ethoxycarbonyl-5-methoxy-6 : 8-dimethyl-1-tetralone. Dry sodium ethoxide [from sodium 
(6-02 g.)] was suspended in benzene (100 ml.), cooled to 0°, and a cooled solution of 5-methoxy- 
6 : 8-dimethyl-1-tetralone ! (26-72 g.) in benzene (50 ml.)—diethyl oxalate (38-24 g.) was added 
with stirring. After being kept overnight the mixture was processed as before to give a brown 
oil which would not solidify. It gave a purple-red ferric chloride reaction in alcohol. The oil 
was heated with powdered soft glass (36 g.) at 150—170° for 6-5 hr. (i.e. until the ferric chloride 
reaction changed to a green-blue). Leaching from the glass with hot ethanol gave the ethory- 
carbonyl-tetralone (21-8 g.) as pale yellow diamond-shaped plates, m. p. 84-5—85-5°, having a 
green ferric chloride reaction in ethanol ? (Amax, <215, 262, 307 my; log « >4-25, 4-1, 3-4, 
respectively) (Found: C, 69-9; H, 7-4. C,,H,.O, requires C, 69-6; H, 7-2%). 

2-Bromo-5-methoxy-8-methyl-1-tetralone. To a stirred, cooled solution of 5-methoxy-8- 
methyl-1-tetralone (5 g.) in anhydrous ether (60 ml.) dry bromine (1-3 ml.) in ether (10 ml.) was 

1 Cocker, Lipman, and Whyte, Chem. and Ind., 1950, 237; J., 1950, 1519; Hayes, Ph.D. Thesis, 
Dublin Univ., 1952 
? Bachmann, J. Amer. Chem. Soc., 1940, 62, 824, 2222. 

* Cocker and Lipman, J., 1947, 537. 
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added at such a rate that the temperature was kept at 10°, each drop of bromine solution being 
decolorised before addition of the next (cf. ref. 3). After a further hour’s stirring and removal 
of the ether a solid (6-3 g.) was obtained. Crystallisation from light petroleum (b. p. 60—80°) 
gave 2-bromo-5-methoxy-8-methyl-1 : 2: 3: 4-tetrahydro-l-oxonaphthalene as needles (3-5 g.), 
m. p. 75—76° (Found: C, 53-3; H, 4-7. C,,H,,;0,Br requires C, 53-5; H, 4:8%). It was 
strongly lachrymatory. When heated in ethanol with 25% sodium hydroxide solution 
(hydrolysis to an ene-diol) for a minute and then cooled rapidly it gave a purple colour with 
aqueous o-dinitrobenzene.* 

5-Methoxy-8-methyl-1-naphthol_—The 2-bromo-tetralone (10 g.) was refluxed for 0-5 hr. in 
dimethylaniline (43-5 ml.). The solution was then poured into dilute sulphuric acid and steam- 
distilled. The naphthol (1-63 g.), from the distillate, crystallised from light petroleum (b. p. 
60—80°) as white needles, m. p. 72—72-5° (Amax. 229, 255, 301, 320, 332 mu; log ¢ 4-6, 3-7, 3-75, 
3-76, 4-05, respectively) (Found: C, 76-4; H, 7-1. C,.H,,O, requires C, 76-6; H, 6.4%). The 
picrate crystallised from benzene as red needles, m. p. 154—156° (Found: C, 52-0; H, 3-5. 
C,,H,,O,N, requires C, 51-8; H, 3-6%). The carbanilate formed plates, m. p. 176—178°, from 
ligroin (b. p. 100—130°) (Found: C, 73-6; H, 5-6. C,,H,,O,N requires C, 74-3; H, 5-5%). 

(5-Methoxy-8-methyl-1-oxo-2-tetralyl)pyridinium bromide.—The above bromo-tetralone (1 g.) 
in diethyl methylmalonate (3-92 g.) and pyridine (1 ml.) was refluxed for 0-5 hr. The solid 
(0-9 g.) was filtered off and washed with light petroleum (b. p. 40—60°), giving the pyridinium 
bromide as brownish plates, m. p. 258° (decomp.) (Found: Br, 22-7. C,;H,,O,NBr requires 
Br, 23-0%). It was highly insoluble in the usual organic solvents, but was soluble in water: 
the solution gave pyridine on being heated. with sodium hydroxide and could be titrated with 
silver nitrate solution. 

2-Benzylidene-5-methoxy-8-methyl-1-tetralone. The corresponding methoxymethyltetralone 
(1 g.), benzaldehyde (1-1 g.), and 5N-sodium hydroxide solution (0-5 ml.) were mixed in methyl- 
ated spirits (10 ml.) and left overnight. Water was added and the mixture was set aside 
at 0° for 7 days. The benzylidene derivative (0-42 g.) crystallised as yellow needles, m. p. 80-5— 
90-5°, from methylated spirits (Found: C, 81-9; H, 6-3. C,,H,,O, requires C, 82-0; H, 6-5%). 

2-Ethylidene-5-methoxy-6 : 8-dimethyl-1-tetralone. The corresponding methoxydimethyl- 
tetralone (5 g.) in acetaldehyde (4-4 g.) was saturated at 0° with dry hydrogen chloride and set 
aside at room temperature.5 After treatment in ether with sodium hydrogen carbonate 
solution the ethylidene compound was obtained as an oil (after three distillations), b. p. 165°/4 
mm. (Found: C, 77-2; H, 7-9. Calc. for C,;H,,0,: C, 78-2; H, 7-9. Calc. for C,,H,,O,: 
C, 76-4; H, 7-9%) [Amax, <215, 284, 320 (shoulder); loge >4-2, 4:22, 3-65 respectively]. It 
rapidly reduced potassium permanganate in acetone. 


One of us (W. R. N. W.) thanks the Government of the Irish Republic for a Maintenance 
Grant. 


TRINITY COLLEGE, DUBLIN. 
DEPARTMENT OF ORGANIC CHEMISTRY, UNIVERSITY OF LIVERPOOL. [Received, May 17th, 1957.) 


« Fearon and Kawerau, Biochem. J., 1943, 37, 326. 
5 Ramart and Hoch, Bull. Soc. chim. France, 1938, 5, 848. 





828. Combretum verticillatum Gum. 
By R. J. McILroy. 


THE genus Combretum, comprising over three hundred species of woody plants, is widely 
distributed in the tropics and sub-tropics and is well represented in Africa. Several 
species yield gum which is pale and of good solubility, but the best Combretum gums so far 
examined have proved inferior to Acacia gums. 

Combretum verticillatum gum consists of soluble and insoluble fractions in the ratio of 
9:1. The crude gum swells in cold water to a clear colourless gel, most of which dissolves 
readily in dilute alkali from which it is precipitated by acidified ethanol. The isolated 
soluble fraction is precipitated from aqueous solution by acetone as a pale, straw-coloured 
powder which dries to a hard solid. 

The aqueous solution was dextrorotatory and did not reduce Fehling’s solution. 








4148 Notes. 


Paper chromatography of the products of hydrolysis, by N- or 2N-sulphuric acid, of the 
water-soluble fraction indicated arabinose, galactose, and glucuronic acid. The last two 
components were further identified by their oxidation products. The water-soluble gum 
is thus a galactoaraban similar in composition to the gums isolated from mesquite,}:* 
Anogeissus schimperi, lemon, and grapefruit.* 


Experimental_—Paper chromatography was carried out by the descending method § on 
Whatman No. | filter paper, the solvent system being butan-1-ol—acetic acid—water (4:1: 5 
(top layer). The solvent front was permitted to advance 30 cm. from the starting line at 28°. 
The positions of the sugars were revealed by spraying with aniline hydrogen phthalate in butan- 
1-ol and development at 100°. Where a sugar was indicated by the Ry value the identity was 
established by running further chromatograms with reference sugar spots. 

Isolation of the gum. The crude gum dissolved incompletely in 4% aqueous sodium hydroxide. 
From 100 g. of crude gum three main fractions were obtained: (A) 40-9 g., precipitated from 
solution in cold 4% sodium hydroxide by acid ethanol (2 vols.); (B) 5-4 g., precipitated from 
solution in hot 4% sodium hydroxide by acid ethanol (2 vols.); and (C) 5-0 g., insoluble in 4% 
sodium hydroxide. The insoluble fraction thus comprises about 10% of the gum. 

Purification (soluble fractions). Fraction A and B after re-solution in sodium hydroxide and 
precipitation by acid ethanol (3 times) became soluble in water and were further purified by 
precipitation from this solvent, acidified with hydrochloric acid, by addition of acetone. 
Precipitated as a straw-coloured powder, the gum dried to a brittle solid [Found: Ash (A, B), 
10-5%]. 

The soluble portion did not reduce Fehling’s solution, gave a negative Millon’s test for 
protein, and positive tests for carbohydrate (Molisch) and uronic acid (naphtharesorcin) ; 
it had [«]# + 53° (c 0-90 in H,O). 

Graded hydrolysis. (a) Fraction (B) (2-03 g.) was heated with n-sulphuric acid (200 ml.) for 
74 hr. in a boiling-water bath; [«]?? changed from +53° to +100° (const.) in 90 min. The 
neutralised (barium carbonate), filtered hydrolysate was evaporated under reduced pressure 
and the residue (2-29 g.) extracted with boiling methanol (4 x 50 ml.). Evaporation of the 
extracts gave a syrup (1-00 g.) which was examined by paper chromatography. Two spots, Rp 
0-08 and 0-16, were revealed identical with galactose and arabinose on the same paper. The 
former was confirmed by oxidation to mucic acid, m. p. 213°. 

(o) The methanol-insoluble barium salt (1-29 g.) (Found: Ba, 20%) was taken up in 2n- 
sulphuric acid (150 ml.), the mixture filtered, and the filtrate heated in a boiling-water bath for 
10 hr.; [a]? changed from +46-5° to +34-8° (const.) in 7} hr. The neutralised (barium 
carbonate), filtered hydrolysate was evaporated under reduced pressure and the residue 
extracted with boiling methanol. Evaporation of the extracts gave a residue (67 mg.) which 
reduced Fehling’s solution and gave a positive Molisch test but in which no sugars could be 
detected by paper chromatography. It is suggested that the sugar moiety was degraded by the 
prolonged hydrolysis. 

The methanol-insoluble barium salt (0-75 g.) (Found: Ba, 30%), taken up in water, was 
passed through Amberlite IR-120 resin, and the effluent examined chromatographically. No 
sugars were detected but a tailing spot near the origin indicated glycuronic acid. The spot did 
not correspond to p-galacturonic acid on the same paper. Identity of the uronic acid with 
glucuronic acid was confirmed by oxidation to potassium hydrogen saccharate and by the basic 
lead acetate test which gave a cream-coloured precipitate changing to yellow-brown when 
heated. 

Estimation of sugars. Oxidation of the soluble fraction of the gum by nitric acid yielded 
mucic acid corresponding to 15-0% of anhydrogalactose.* 20-4% of furfuraldehyde was produced 
on distillation with 12% hydrochloric acid.?. This corresponds to 38-09% of anhydroarabinose. 


FACULTY OF AGRICULTURE, UNIVERSITY OF KHARTOUM. (Received, Mav 20th, 1957.] 


? Anderson and Sands, Ind. Eng. Chem., 1925, 17, 1257; J. Amer. Chem. Soc., 1926, 48, 3172. 
* Anderson and Otis, ibid., 1930, 52, 4461. . 
* Mcliroy, J., 1952, 1918. 

* Connell, Hainsworth, Hirst, and Jones, J., 1950, 1696. 

5 Partridge, Biochem. J., 1948, 42, 238. 

* Assoc. Offic. Agric. Chemists, Methods, 7th Edn., 1950. 

? Norris and Resch, Biochem. J., 1935, 29, 1590. 
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829. Stannic Lodohypophosphite. 
By D. A. EVEREST. 


STANNIC IODOHYPOPHOSPHITE Sn(H,PO,),,SnI, was obtained as a pale yellow solid by 
action of hypophosphorous acid on an alcoholic solution of stannic iodide. The solid 
darkens at ca. 100° and melts at 319°, decomposing immediately above this temperature 
with evolution of phosphine. Stannic iodobypophosphite was insoluble in most solvents 
including alcohol, but it was dissolved by hot hydrochloric acid, concentrated hypo- 
phosphorous acid, and alkali. It was readily attacked by concentrated oxidising acids 
with evolution of phosphine and iodine. 

Oxidising a solution of stannous bromide with hydrogen peroxide followed by addition 
of hypophosphorous acid, gave a product similar in character to stannic iodohypophosphite 
and to stannic chlorohypophosphite,! but which analysis showed to be impure. It is 
noteworthy that although three stannic halogenohypophosphites appear to exist, all 
attempts to prepare the corresponding germanium compounds have failed, probably 
partly because of the greater tendency for quadrivalent germanium compounds to be 
hydrolysed (e.g., compare the behaviour of germanium and tin tetrachlorides in aqueous 
solutions *»3), and partly because of the lesser tendency to form complexes with hypo- 
phosphorous acid. For example, stannic oxide is extremely soluble in hypophosphorous 
acid and, in absence of halide ions, no reduction occurs.1 Quadrivalent germanium com- 
pounds, however, are reduced by hypophosphorous acid even in absence of halide ions,‘ 
although the bivalent state of germanium is much less stable than the bivalent state of tin. 

Attempts to prepare halogenophosphites of stannic tin and of bivalent germanium and 
tin analogous to the well-characterised halogenohypophosphites have failed.*5 There 
appears to be a fundamental difference in the ability of hypophosphorous and phosphorous 
acids to form complexes of this kind. 

Experimental_—Stannic iodohypophosphite. To a saturated solution of stannic iodide in 
alcohol (20 ml.) was added 20% hypophosphorous acid (5 ml.); crystals slowly separated 
‘Found: Sn, 23-8; I, 49-8. Sn(H,PO,),,SnI, requires Sn, 23-6; I, 50-5%]. Tin and iodide 
were determined as previously described.» 

BATTERSEA POLYTECHNIC, Lonpon, S.W.11. [Received, May 27th, 1957.] 


1 Everest, J., 1951, 2903. 

2 Everest and Harrison, J., 1957, 1820. 
3 Idem, J., 1957, 1439. 

* Everest, J., 1952, 1670; 1953, 4117. 
5 Idem, J., 1954, 4698. 





830. Absorption Spectra of Ketones in the 200—220 mp Region. 
By C. W. Biro, J. K. NoRYMBERSKI, and GILBERT F. Woops. 


THE intense absorption of ultraviolet light by olefins (max, 180—195 my) } extends into a 
region (200—220 my) accessible to examination with a quartz spectrophotometer.? 
Bladon, Henbest, and Wood * showed that, at least in the steroid series, measurement of 
such end-absorptions provides valuable information concerning the presence and position 
of isolated double bonds. The present investigation was intended to establish the extent to 
which the high-intensity absorption bands of ketones * extend into the same spectral region. 

The measurements were performed on 50 compounds, all steroids except two, in 
ethanol, two spectrophotometers of identical design being used (Unicam S.P. 500). In 
0-2 cm. cells apparent maximal absorptions > were recorded at 201 + 2 my, in 1 cm. cells at 
205 +2myz. The results presented in the Table require littlecomment. (i) The relatively 

2 Stark, Steubing, Enklaar, and Lipp, Jahrb. Radioakt. Elektronik, 1913, 10, 139. 

2? Bateman and Koch, J., 1944, 600. 

% Bladon, Henbest, and Wood, J., 1952, 2737. 

* Mohler and Sorge, Helv. Chim. Acta, 1940, 23, 100; Platt and Klevens, Rev. Mod. Phys., 1944, 
16, 182; Holdsworth and Duncan, Chem. Rev., 1947, 41, 311. 


5 Saidel, Goldfarb, and Kalt, Science, 1951, 118, 683; Vandenbelt, Henrich, and Bash, ibid., 1951, 
114, 576; ref. 3. 
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strong absorptions of methyl 38-acetoxy-1l-oxocholanate (12) and of methyl 32-acetoxy- 
12-oxocholanate (13) suggest either appreciable end-absorption of the methoxycarbonyl 
group superimposed on that of the carbonyl group or interaction between the two groups. 
(ii) The absorption intensities of the 3 : 17-dione (18) and the 3: 20-dione (20) are much 
lower than those expected from the summation of the intensities of the appropriate mono- 
ketones. Since in either instance interaction between the two carbonyl groups is im- 
probable, the anomaly is attributed to the inaccuracy of measurement and/or slight 
impurities in the reference compounds. In contrast, the extinctions found for the 11 : 20- 
dione (12), the 3: 11 : 17-trione (19), and the 3: 11 : 20-trione (22) are reasonably close to 
expectation. (iii) Introduction of halogen in the «-position to an oxo-group resulted in 
greatly increased absorption. With one exception (17; cf. 42), «-hydroxyl groups and, 
to a smaller extent, «-acetoxyl groups similarily enhanced the absorption intensities of 
the parent ketones. 

In view of the limitations inberent in the use of a quartz spectrophotometer for the 
measurement of end-absorptions in the 200—220 mz region (deviation from Beer’s law, 
sensitivity to changes of experimental design, inability to distinguish between batho- 
chromic and hyperchromic effects) further discussion of the present results seems 


Light path (mm.) — Ego5 S210 
Non-ketonic Compounds 
Dp SIMON ° Abhecdbesidnsnadinteniassncdiassrteiibieccesnebadesdeceaedes 10 45 35 
5 or 1 200 150 * 
Sy: Sen OURO, 0.0. soriasisncdnimenupsenvebenninvascnuheenteekuuads 5 orl 200 150 * 
Bs. CIPS MIND oc oiscescescenrnescvesscccosssesacsonsesecanetes 2 340 300 
EE Sek cnthedeticenenecescssenrcccdeeeceussedatesntqssnnctenseveestesne 10 3300 2020 
5orl 1600 * 
D. CORURRMINE BORENIR css cccncccccsovessssscscsesepavencsussonessceeesonvas 10 3540 2100 
5orl 1500 * 
Monoketones 
Ry) MII Goce ciinsdenekecsepsessieshctbsnenendenersindiseninedsssceusuresavdeeee 2 200 80 
Fe PONE dnctccbecnctsnasshersacneabeeuntaninqnasnenesiuageaseenesese 2 530 250 
10 260 150 
5orl 350 200 * 
Fe OORRRRO GRD ca ccesenstssscnccssvesencssensscsccesetsen 10 230 130 
©. BB-Hydroxycholestan-G-one ........c.csccccccccecsccscccvcccccsscccccses 10 680 460 
Deke Se EIIED aiicntencuisevecicaderntnastnedicerseneceuios 10 410 290 
11. 38-Acetoxy-OB-ergostan-11-Ome  ...,........cccecsescececcvceccescences 10 420 290 
12. Methyl 38-acetoxy-ll-oxocholamate  ............:..esceeeeeseeeeeeees 2 880 610 
13. Methyl 3a-acetoxy-12-oxocholanate  ............ceceeeceeseeeeeeeees 2 1280 700 
14. Sa-Hydroxyandrostan-17-OMe ........ccccccrccscccccccccccsccsecccccces 10 140 70 
15. 3a: 118-Dihydroxy-5f-androstan-17-one  ..............20.0eeeeeee es 10 200 100 
i, Ge IEP OUND chisnrnniccianer<estesinenracsssesovessoucesiossscscseses 10 560 310 
17. 3B-Hydroxy-Sa-pregnan-20-One ..........cceceeencecereeceseceeeeeeees 10 490 260 
Di- and tri-ketones 
BS. AmGPOstaMO-D s PHGIOMS  cvacccssoicecscccescoscvescccoccccesccececseccess 10 240 130 
Sle IE. BO < REOUEEIED nennnctneccescorsccsisesicbinnttesccons 10 830 660 
NRE S DEINE, | Rikaxadinnecspneencacvcieendicintncasainaetyessonnes 10 460 220 
21. 38-Acetoxy-5a-pregnane-11 : 20-dione  ............eeceeeeeceeeeceees 10 1120 840 
See. POND 5 EE SO UNNIND ccnccpnedscccccincescvessccscsecsescossess 10 1300 970 
a-Halogenoketones 
le INO Sia suc:ccdecedcnsedecsossenenacstvannutandensecenpnsnanciws 2 1590 1150 
BE I E eacesintcnstecedtosccscscniassnesecnedesresscisascecreneeess 1390 1070 
i SN RD ince ci accndsnrisasmeeccnedertnsentecniesreeee 2 1910 1240 
Bid. De- TOROS MONITIBR-B-OME. 6200 cccsssescoccensascenscccsscesnsosscveccacece 2 2010 1610 
ED ac crnnvericanccedvivenotearincnnasrigcnsevannsss 2 1310 840 
SINE GE Hadibasceidensde viens escsceedcnceseebinbvenséduervendsdhevornas 780 590 
Ses, A OEIIII-D OUD vcs ic icscnrccnrncsnascccerssscncosesengiorrseees 2 990 520 
STL TILE TI cekiedanebenaddhsnessetsndasavennihbacerédiaastphelaeerensiiess 460 270 
EE EE OEE POTTER 2 1260 990 
le. AE: aaldhcataes whabhines asad Aha aintibarinaiincwetonteeccnsd eens 730 740 
Se IIIs cnnscnacensswscsicnassgscsincencssdccennseciin 2 2700 1930 
Is FE anbcebnddnnsnnsicaenguniecditenataenrss chitin eeaeedeees 2170 1680 
30. 38 : 5a-Diacetoxy-7a-bromocholestan-6-one ............ccesseeeeees 2 2920 2350 
ETD, eitcnecsinnenasmeteeonanciiestbbep sb beh asedane ecditintecnees 1920 1600 
31. 38 : 5a-Diacetoxy-78-bromocholestan-6-one ............:.eeeeeeeees 2 3460 2370 


SEED Seceasndnesprnccenbngrnsninebcdndnnsweussconnmeasiesakunnes 2460 1620 
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Light path (mm. £205 E210 
a-Hydroxy- and a-Acetoxy-ketones 

32. 38 : 5a-Dihydroxycholestan-6-ONe ..........cscecececsecccccceceeeees 10 1220 930 
BOATERS HE. DP cccscesccccessccecscescocccepevescusobecdshecsticcnsbasesese 540 470 

33. 38-Acetoxy-da-hydroxycholestan-6-ONne .........cceceeseeeeeeeeeeeees 10 1660 1310 
34. 38 : 5a-Diacetoxycholestan-6-OMe — ........seceeseeeeeeseeeceeeeeeeees 10 1000 750 
35. Methyl 3a-acetoxy-128-hydroxy-ll-oxocholanate  ............06+ > 1890 1400 
BUMP COB. TY cececcccscsosccsscnccscsstavsssdsdscocessceneccosssuesecs 1210 940 

36. Methyl 3a: 128-diacetoxy-ll-oxocholanate ..........seseeeeeeeeees 2 1190 720 
BPRS BE, TDD. cniccicnncenscecsissonccsenssnsecisecseeus ntweeenntinanes 310 110 

37. Methyl 3a-acetoxy-118-hydroxy-12-oxocholanate .........+..0+- 2970 1730 
BREET (66. TG) ccccccccccccecccvcsscesssscensesccscsssccssesescoccoesses 1690 1030 

38. 3a: 17a-Dihydroxypregnan-20-ONE ..........eceeeeeeeeeeeeereeeeeeeees 10 1100 890 
BEIM TIE. FE) ensiecencnencnpecsnccceeenensncnoserecscanannnmssgancnses 610 630 

39. 3a: 17a-Dihydroxypregnane-11 : 20-dione .............seeeeeeeeeeees 10 1580 1370 
40. 38 : 17a-Dihydroxy-5a-pregnane-11 : 20-dione ..............eseeeee 10 177 1520 
41. 38: 17a-Diacetoxy-5a-pregnane-11 : 20-dione  ...........eeeeeeeeee 10 1330 980 
BE TAIRS G6. TID cc cneccseonsncsssccenceseccsvccosecsoserevessonesossossen 210 140 

42. 3a : 21-Dihydroxypregnan-20-one _ ...........cceccccscsscccccscccccccs 10 270 230 
MAB BINE TEEs. BED cctnnncveconccsctccnpansncesnsescossaacuecedeccnninameseesese — 220 —30 

43. 3a: 21-Dihydroxypregnane-11 : 20-dione ............seeeeeeeeeeeees 16 1200 980 
44. 3a : 21-Diacetoxypregnane-11] : 20-dione  ............ceeeeeeeeeeees 10 1440 1200 
BEDE WE: BEE. scsneinsscincevcdaversiaccamedsctnteeuersercdmensesases es 320 360 

45. 3a: 17: 21-Trihydroxypregnane-1] : 20-dione —..........eeeeeeee 10 2200 1960 
SEN ED “acanccneina scones usetsdnatasecreinieateensapassmeinene 1000 980 
PREIS GHG: DDD iidis cave crctsnentnccasdccoctccsistsnsancscnsesndcsnccsncness 620 590 

46. 21-Acetoxy-38 : 17a-dihydroxy-5a-pregnane-11 : 20-dione ...... 10 2570 2270 
BSE RD wiicaceascunsincnunctaniiasesesmsersmeersenqueanseqasens $00 750 

47. 38 : 21-Diacetoxy-17a-hydroxy-5a-pregnane-11 : 20-dione ...... 16 2150 1970 
48. 3a: 21-Diacetoxy-17a-hydroxypregnane-11 : 20-dione......... 10 2070 1940 
BERTIE PRE: Gp weccsccicccceunetenscsnsconevdnsnsiacvcssctnsssionesseses 63 740 

49. 3a: 17a: 21-Triacetoxypregnane-11 : 20-dione .............seeee00e 10 1580 1350 
BETA (06: BED nccescccensedssersnngeveresonecapessonnspsanesceenccseres 140 150 

50. 38: 17a: 21-Triacetoxy-5a-pregnane-11 : 20-dione .............+. 10 1670 1430 
GEROEPINE WOO. QTY cncescicctseccongsssviansccnacnssusncciessecscesaneboosss 340 450 


* Entries thus designated show the differences (in italics) caused by the substitution concerned. 


unprofitable. The outstanding and unequivocal fact here established is that, depending 
on the structural environment of the carbonyl group, the end-absorption intensities of 
ketones vary within a wide range (¢99, 200—3500; ©; 80—2400) which overlaps that 
found for olefins (‘‘ emax.’” 600—10,600; ¢©,,. 200—10,500).8 


Experimental.—Measurements were made with two Unicam S.P. 500 spectrophotometers, 
using ethanolic (Burrough’s Analytical Grade) solutions in 1-0 or 0-2 cm. cells, at concentrations 
so adjusted as to give maximal optical density values of 0:3—0-5. Except for 28-bromo- 
cholestan-3-one (see below), the compounds listed in the Table were fully described elsewhere. 
The physical constants (m. p.s and, in most instances, rotations) of the specimens here used 
were in agreement with those reported in the literature. 

28-Bromocholestan-3-one. 28-Bromocholestan-3«-ol * (98 mg.) in acetic acid (10 ml.) was 
treated with chromium trioxide (18 mg.) in a few drops of water overnight at room tem- 
perature. Addition of water gave a precipitate which on crystallisation from cold ether— 
methanol afforded 28-bromocholestan-3-one, m. p. 95°, [a]p +142° (c 0-85, in CHCl,), Amax, 310 
my (e 97 in EtOH), vmax, 1720 cm. (in CHCl,) (Found: C, 69-4; H, 9-75. C,;H,,OBr requires 
C, 6965; H, 975%). 

A solution of the above compound in benzene was filtered through a column of alumina. 
Evaporation to dryness followed by crystallisation from ether—-methanol furnished 2«-bromo- 
cholestan-3-one, m. p. and mixed m. p. 169—170°, [«]) +42° (c 1-25 in CHC1,). 

Numerous compounds were obtained from the Medical Research Council Steroid Reference 
Collection; these included compounds given to the Collection by Messrs. Parke Davis, Roussel, 
Syntex, and Upjohn. We are indebted to Dr. W. Klyne for this facility, and for some other 
compounds to Dr. C. Tamm (Basle). Financial assistance from the Empire Rheumatism 
Council (to J. K.N.) and from the Ford (Dagenham) Trust (to C.W.B.) is gratefully 
acknowledged. 

BIRKBECK COLLEGE, LONDON. 

NETHER EDGE HOsPITAL, SHEFFIELD. [Received, May 30th, 1957.]} 

6 Alt and Barton, J., 1954, 4284. 
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831. The Preparation of Potassium [?°N|Nitrite and 
[45NO]Dimethylnitrosamine. 
By D. F. HEATH. 


Tue following modification of Milbauer and Vogel’s method ! for the reduction of potassium 
nitrate to nitrite affords a simple way of making [}5N]nitrite in 80—90°%, yield (determined 
by permanganate titration or conversion into dimethylnitrosamine) on starting from 0°6 g. 
of labelled potassium nitrate. 


Experimental.—Potassium nitrite. Potassium nitrate (0-6 g.) was mixed with coarsely 
powdered lead (1-6 g.; 60—80 mesh to the inch) in a small hard-glass test-tube (8— 
10 mm. x 60 mm.). The nitrate was gently fused over a naked flame, and the tube then 
rapped sharply a few times against an asbestos board to make the lead sink. The tube was 
then transferred immediately to a heating block, at 440—460° for 3 hr., during which a slow 
stream of nitrogen, freed from traces of oxygen by passage through alkaline pyrogallol, was 
passed over the melt. The tube was allowed to cool, and the contents (broken up when 
necessary) extracted with several small quantities of boiling water and filtered. The final 
volume was adjusted to 10 ml. for analysis or conversion into dimethylnitrosamine. In five 
runs with unlabelled nitrate, yields ranged from 80-3 to 87-3%, as estimated by titration with 
permanganate. 

The mesh of lead is critical. Fine lead powder is floated by bubbles formed in the reaction, 
and is largely rendered ineffective. Granulated lead does not pack under the surface of the 
molten nitrate, and tends to fuse into large globules of low surface area. Both give yields of 
only 40—60%. It is also important to fuse the nitrate outside the heating block and to tap the 
lead down. Bubble formation is most rapid at the beginning of the reaction, and will float 
even 60—80 mesh lead unless this is done. 

Dimethylnitrosamine. The crude nitrite solution, prepared as above, was poured into 
dimethylammonium chloride (5—6 g.), glacial acetic acid (10 ml.) was added, and the mixture 
held at 24—26° for lhr. The product was diluted to about 70 ml., the pH adjusted to 4-5—5 
with sodium hydroxide solution, and the mixture two-thirds distilled off, the distillate being 
collected in an iced receiver. This gave a reasonable separation from dimethylamine. The 
distillate was made about 3n with respect to sodium hydroxide and half-distilled.»* In trial 
runs the dimethylnitrosamine was determined in the distillate at this stage by a polarographic 
method.* Yields, based on nitrite, were 82—83°, and were markedly reduced by carrying out 
the reaction at 37°. 

In the preparations of labelled dimethylnitrosamine the product, prepared as above, was 
further distilled from saturated salt solution adjusted to pH 3—4 with sulphuric acid and then 
from sodium hydroxide as before. The yield on potassium nitrate containing 64 atom-% of 
15N was 71%; the product was obtained as a neutral aqueous solution containing 18-7 mg./ml. 


ToxicoLtoGy RESEARCH Unit, M.R.C. LABORATORIEs, 
WOODMANSTERNE ROAD, CARSHALTON, SURREY. (Received, May 30th, 1957.) 
1 Milbauer and Vogel, Chem. Listy, 1926, 20, 390. 
2 Dutton and Heath, /J., 1956, 1892. 
* Heath and Jarvis, Analyst, 1955, 80, 613. 





832. Some Properties of Tetramethylhydrazine. 
By B. J. AYLETT. 

TETRAMETHYLHYDRAZINE was first prepared by Class, Aston, and Oakwood;? it has 
since been synthesised by Beltrami and Bissell,?* and by Watson * and some of its physical 
properties have been reported. In order to compare it with the corresponding silicon 
compound,’ measurements of its vapour pressure, melting point, and infrared absorption 
have been made. 

The boiling point, 72-9°, agrees well with that found by Class e al. (73°), and, as 
expected, the Trouton’s constant of 21-5 indicates that the liquid is not associated. The 


1 Class, Aston, and Oakwood, J. Amer. Chem. Soc., 1953, 75, 2937. 
2 (a) Beltrami and Bissell, ibid., 1956, 78, 2467; (b) Watson, J., 1956, 3677. 
3 Aylett, J. Inorg. Nuclear Chem., 1956, 2, 325. 
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melting point of tetramethylhydrazine was found to be —104°, some 14° higher than the 
value given by Class e¢ al.; a glass-like solid phase was often formed, similar to that given 
by trimethylamine, and the slightest trace of amines caused the solid to melt irreproducibly 
over a wide temperature range. Analysis of the compound by normal combustion 
techniques was very unreliable. On some occasions the compound exploded, as has been 
reported for 1 : 2-diethyl-1 : 2-dimethylhydrazine,* and on other occasions a liquid of 
extremely low volatility was deposited in the weighing train, evidently having been formed 
by pyrolysis and incomplete oxidation of the tetramethylhydrazine. It is suggested that 
tensiometric homogeneity is a more satisfactory criterion of purity. 

As it is possible to remove primary and secondary amines from a tertiary amine by 
treatment with a compound containing a carbonyl group,5 one sample suspected of 
containing 1 : 2-dimethylhydrazine was treated with acetic anhydride, and a purification 
effected. This should be contrasted with the observation * that 1 : 1-dimethylhydrazine 
will not react with methyl benzoate. 


Experimental.—Technique. Most of the work was carried out in a conventional high- 
vacuum apparatus. Low temperatures were at first measured with a pentane-filled 
thermometer, standardised at regular intervals against vapour-pressure thermometers contain- 
ing carbon dioxide or ethylene. Later, a cryostat—a simplified version of that described by 
Scott and Brickwedde *—was used; temperatures in the range + 20° to —140° were measured 
by means of copper—constantan thermocouples, calibrated in the usual way.’ 

Preparation of tetramethylhydrazine. The method of Class et al. was used. (On one 
occasion, after the reduction with lithium aluminium hydride, there was an explosion during 
the removal of the ether. The whole reaction mixture inflamed, and much product was lost. 
The compound was then purified by distillation at low pressure (b. p. —16°/12-5 mm.) in an 
atmosphere of dry oxygen-free nitrogen; a small column was used, packed with 4-mm. Fenske 
helices, and immersed in a low-temperature bath. Repeated fractional condensation at —84° 
im vacuo removed traces of amines, apparently formed during the treatment with calcium 
hydride. The resulting sample was shown to be homogeneous by dividing it into twelve 
portions; the vapour pressure at 0° of each was identical (Found: C, 54-3; H, 14-2; N, 31-4%; 
M (vapour), 87 +1. Calc. for CgH,,N,: C, 54-5; H, 13-7; N, 31-8%; ., 88]. 

(a) Vapour pressure at low temperatures. A sensitive type of spoon gauge was used, giving 
the following results: 


FORD. ..ncscsssocecses —64° — 56° —49° —41° —36° — 29° —24° —18s° 
V.p., MM. cccccceee 0-33 0-65 1-16 2-24 3°38 5-40 7-80 115 
TORE. cccccscccccees —13° —8° —4° 0° 4° 8° 12° 16° 

Vipop MM. cccccccee 14-9 21-6 27-5 35°3 44-6 55-2 67-1 82-1 


(b) Vapour pressure above room temperature. An all-glass tensiometer was used; it was 
immersed in a water-bath fitted with a thermostat. 


TOMB, cococcocesconee 17-2° 21-3° 24-8° 32-7° 35-1° 38-8° 43-0° 47-6° 
LS eee 90 108 128 179-5 198 229 268-5 326-5 
SEMI. ccccccscccscoce §1-2° 54-8° 59-0° 63-4° 67-8° 69-5° 71-9° 73-0° 
Vip, MMR, ccccsescs 374-5 427 490 555 650-5 688-5 739-5 760 


From these values, the vapour pressure of tetramethylhydrazine is given by the equation: 
log,) #(mm.) = —2426-0/T — 5-311 log,, T + 23-378. Hence the calculated b. p. is 72-9°, the 
latent heat of vaporisation is 7460 cal./mole, and Trouton’s constant is 21-5. 

Melting point. The apparatus was similar to that described by Stock. The mean of 
nineteen determinations was —104° + 1°. 

Infrared spectrum. Gas-phase measurements, with a Hilger model H800 spectrometer used 
as a double-beam instrument, gave the following band centres (in cm.~'): 3000 vs, 2960 vs, 
2830 vs, 2780 vs, 1450 vs, 1231 s, 1201 w, 1151 vs, 1089 s, 1026 vs, 969 w, 899 vs, 712s, 508 s, 
and 435 w. 

4 Hinman, J. Amer. Chem. Soc., 1956, 78, 1645. 

5 “* Chemistry of Carbon Compounds,” Ed. Rodd, Elsevier Publ. Co., Amsterdam, 1951, p. 389. 

* Scott and Brickwedde, J. Res. Nat. Bur. Stand., 1931, 6, 481. 

7 American Institute of Physics, ‘‘ Temperature, its Measurement and Control in Science and 

Industry,” Reinhold Publishing Corp., New York, 1941. 

8 Stock, Ber., 1917, 50, 156. 
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Reaction of crude tetramethylhydvazine with acetic anhydride. A sample (1-1 g.; .W, 80; v. p. 
33-6 mm./0°), suspected of containing 1 : 2-dimethylhydrazine as a result of incomplete methyl- 
ation, was mixed in vacuo with acetic anhydride (2 ml.). Subsequent treatment with calcium 
hydride and repeated fractional distillation gave a product (M, 88; v. p. 35-3 mm./0°) whose 
infrared spectrum was identical with that of a pure sample of tetramethylhydrazine. 


The author thanks Dr. D. C. McKean for assistance with the infrared measurements and 
also Dr. R. A. Chalmers and Miss D. A. Thomson, who performed the microanalyses. 


UNIVERSITY OF ABERDEEN. (Received, June 3rd, 1957.) 





833. The Preparation and Decomposition of Diethyl 
2-Diethylaminoethyl phosphonate. 
By J. I. G. Capocan. 
IN connection with another investigation diethyl 2-diethylaminoethylphosphonate was 
required. Its preparation from diethyl 2-bromoethylphosphonate has been described +2 
but, more conveniently, it may be obtained by a Michaelis reaction of sodium diethyl 
phosphite and 2-diethylaminoethyl chloride in boiling xylene. An Arbuzov reaction 
between triethyl phosphite and the same halide failed, dimerisation to give 1: 1:4: 4- 
tetraethylpiperazinium dichloride resulting. 

Diethyl 2-diethylaminoethylphosphonate is stable under ordinary conditions of storage 
but, after 34 hr. at 150°, extensive decomposition had occurred to give triethylamine, 
diethyl vinylphosphonate, and an involatile residue which appeared (infrared spectrum) 
to be a complex mixture of phosphorus oxyacids. 

The presence of the base can be explained on the basis of a self-alkylation involving 
nucleophilic attack by the basic group in the diethylaminoethylphosphonate on an ester 
a-carbon atom, followed by thermal decomposition of the quaternary salt so formed. For 
intramolecular reaction this salt could be formulated as (I). Decomposition followed by 
loss of a proton would give diethyl vinylphosphonate. 


(I) [(EtO),P(:O)-CH,-CH,-NEt,]*[O-P(OEt)(:0)-CH,"CH,-NEt,]- 


This alkylation resembles that of tertiary amines by phosphate esters,* and the thermal 
decomposition of some organophosphorus amidates.* 


Experimental.—Diethyl 2-diethylaminoethylphosphonate. Sodium (4-6 g.) was added to 
diethyl hydrogen phosphite (27-6 g.) in xylene (dried over sodium; 400 ml.), and the mixture 
was boiled under reflux until salt formation was complete. To the boiling solution was added 
freshly distilled 2-diethylaminoethyl chloride (27-0 g.), and boiling was continued for a total 
of 1-5hr. Filtration, followed by removal of the xylene, left an oil (b. p. 168°/40 mm.) which 
was redistilled, the fraction, b. p. 125—130°/12 mm., 4 1-4378 (18 g.), being retained for 
analysis (Found: C, 50-4; H, 9-9. C,,H,,O,NP requires C, 50-6; H, 10-1%).. Kosolapoff ? 
records ?° 1-4380. 

An attempt to prepare this compound from 2-diethylaminoethy] chloride and triethyl 
phosphite by Arbuzov’s method resulted in dimerisation of the halide to 1: 1: 4: 4-tetraethyl- 
piperazinium dichloride. The reaction was then attempted with 2-diethylaminoethyl chloride 
hydrochloride and triethyl phosphite in butanol. Again the reaction was unsuccessful, trans- 
esterification of triethyl phosphite with the solvent occurring. 

Diethyl 2-bromoethylphosphonate (b. p. 106°/1 mm.; n# 1-4566), prepared by Ford-Moore 
and Williams’s method,? was treated with anhydrous triethylamine to give diethyl vinylphos- 
phonate (b. p. 99°/16 mm.; m? 1-4268). 

Decomposition of diethyl 2-diethylaminoethylphosphonate. The phosphonate (11-7 g.) was 
kept at 150° (thermostat) for 34hr. Distillation gave a low-boiling base (b. p. 5}0—90°; 2-4.) 
and an oil (b. p. 120°/40 mm.; n? 1-4255; 3-3 g.), leaving a gum which appeared (infrared 





1 Kosolapoff, J. Amer. Chem: Soc., 1948, 70, 1971. 
2 Ford-Moore and Williams, J]., 1947, 1465. 

* Clark and Todd, /., 1950, 2023. 

* Cadogan, J., 1957, 1079. 
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spectrum) to be a complex mixture of phosphorus oxyacids. The low-boiling fraction was 
redistilled to give triethylamine (methiodide, m. p. and mixed m. p. 294—295°). The higher- 
boiling oil was dissolved in hydrochloric acid and extracted with chloroform. The extracts 
gave an oil (b. p. 200°/760 mm.; n? 1-4270; 1-9 g.) which, after redistillation had an infrared 
spectrum identical with that of diethyl vinylphosphonate, prepared as described above. 

A replicate experiment gave the same results. 


The microanalyses were by Mr. F. E. Charlton and the infrared data are due to Mr. L. C. 
Thomas and Mr. M. J. Rumens, to all of whom thanks are accorded. This investigation was 
carried out during the tenure of a Civil Service Senior Research Fellowship. 

CHEMICAL DEFENCE EXPERIMENTAL ESTABLISHMENT, PoRTON, WILTS. 


[Present address: Kinc’s COLLEGE (UNIVERSITY OF LONDON), 
STRAND, Lonpon, W.C.2.] (Received, June 11th, 1957.]} 





834. The Dimethyldiphenyls. 
By E. A. JOHNSON. 


DuRING investigations (with G. H. Beaven) into the effects of alkyl substitution on the 
ultraviolet absorption spectra of diphenyls, and their behaviour in gas-liquid chrom- 
atography,! the preparation of the series of dimethyldiphenyls was completed. In this 
way it was hoped to resolve the questions posed by the unexpectedly low intensity of the 
ultraviolet absorption bands of 2: 3’- and 3: 4’-dimethyldiphenyl as given by Woods, 
Van Artsdale, and Reed 2 and also obtain more data on the effects of competitive conjug- 
ation and of vicinal substitution. At least nine of the twelve compounds are mentioned in 
the literature, but many references give boiling point as the only characteristic. They 
are not all quoted here. 

Some physical properties are given in Table 1. Purities were estimated by gas-liquid 


TABLE 1. 

Dimethyldiphenyl * Purity,  B.p./mm. M. p. nv d;° Rel. retn. vol. t 
Be Fie OP cicttiecnecenes 99-8 — 19-5—20-2° 1-5752 0-9906 1-005 
Di Oe  cccernsicees >99-8 150°/18 9-0—9-5 1-5946 0-9993 2-40 
GS ie Se decviumenies >99-8 — 120-7—121°5 a —- 2-69 
Ee oh ee 99-5 135/13-5 — 1-5810 0-9933 1-43 
Os, 3 fe 99-5 137/12-5 —- 1-5826 0-9924 1-55 
fg er -99-8 153/15 14-5—14-8 1-5968 0-9978 2-54 
PGi . “Giabideaiieieie -99-8 141/14 41-8—42-3 = — 1-67 
MO. eiceteitiaa ida iaiinani 99-3 — --- 1-5844 0-9947 1-55 
SS ~-99-5 140/14-5 — 1-5819 0-9931 1-49 
ot ««niedtiaaninbes 99-5 132/16-5 —5 1-5745 0-9907 1-09 
pS SE ae eee 99-8 — 29-2—29-7 1-6036 + 1-0087 + 2-86 
BiGe: sikdsexdchcissedeis 99-8 — 22-3—22-8 1-5952 + 0-9990 + 2-36 


* For previous work see: * Ullmann and Meyer, Annalen, 1904, 332, 39. ° Hall, Lesslie, and 
Turner, J., 1950, 711. * Woods, Van Artsdale, and Reed, ref. 2. 4 Mills, Nature, 1951, 167, 726. 
¢ Kruber, Ber., 1932, 65, 1382. + Supercooled liquid. ~ Ref. 1. 


chromatography. The boiling-point data are incomplete, but in any case are not of 
especial accuracy. Attempts to determine boiling points at atmospheric pressure by 
Garcia’s micro-method* were not successful. The Abbé refractometer used for the 
refractive-index measurements was checked with a glass standard and also with pure 
hydrocarbon samples including alkyldiphenyls prepared at the Lewis laboratory of the 
U.S. National Advisory Committee for Aeronautics. The maximum refractive index 
error is +0-0002. Densities were determined with a pyknometer of 0-120 ml. capacity; 
error +0-0005. The gas-liquid chromatographic retention volumes were determined 
1 Beaven, James, and Johnson, Nature, 1957, 179, 490. 


2 Woods, Van Artsdale, and Reed, J. Amer. Chem. Soc., 1950, 72, 3221. 
3 Garcia, Ind. Eng. Chem. Anal., 1943, 15, 648. 





Notes. 


TABLE 2.* 


Short-wave Conjugation Long-wave 

Dimethyldiphenyl + band Minimum band features 
2:2’- 206) (36,000) — (227) (6,100) Ss 
3: ve 207°5 (49,000) 227-5 (5,600) 250-5 (16,100) — 

[ + (5,750)) [251 (15,800)] 
4: 203 = (43,500) 226 (4,500) 254-5 (21,000) — 
2: 3’ 205 (44,000) 225-5 (7,050) 238 (9,600) (W) 

(225-5 (6,000)) [237-5 (7,750)]} 
202-5 (41,000) 224-5 (7,900) 5 (11,700) (V.W. 
206-5 (45,500) 227-5 (5,300) p (18,500) — 

"228-5 (3,600) ] [253-5 (12,600)] 

203-5 (41,500) 227-5 (8,250) 237 = (9,850) (V.W. 
203 42,500) 226 (7,800) 241 (11,800) (V.W. 
202-5 (42,000) 230-5 (8,400) 239 =(9,500) (M) 
202-5) (39,500) — (231) 5,600) (M) 
205 = (42,500) 227-5 (5,300) 253-5 (18,400) — 
205-5 (43,000) 231 (6,850) 251-5 (16,100) — 


tor 


> 


Cr Or or Or 


ty tototo 


Go eo 


* Solvent, light petroleum (b. p. 100—120°); wavelengths in mp followed by emax. OF Emin. (in 
parentheses); wavelengths and long-wave features in parentheses indicate inflections. 

t For previous work see: * Beaven, Hall, Lesslie, Turner, and Bird, J., 1954, 131. ° Friedel 
and Orchin, ‘‘ Ultraviolet Spectra of Aromatic Compounds,” John Wiley and Sons, New York, 1951. 
* Woods, Van Artsdale, and Reed, ref. 2; for each compound their values are given in [square] 
brackets. 


relative to diphenyl by using a stationary phase of Apiezon M on alkali-washed kieselguhr 
at 197°, and nitrogen as carrier gas. 

The ultraviolet absorption data summarised in Table 2 are consistent with previous 
work on the effects of alkyl substitution in diphenyls (cf. Everitt, Hall, and Turner,’ and 
references quoted therein). Those given by Woods, Van Artsdale, and Reed have proved 
to be significantly in error. The “ long-wave features” are bands or inflections resulting 
from benzenoid transitions appearing in significant strength only in the hindered 2-sub- 
stituted diphenyls; only a qualitative indication of their strength is given here. These 


spectra will be considered in relation to those of other diphenyls elsewhere, and it is also 
hoped to publish the infrared absorption spectra. 


Experimental—All compounds, with the exception of the specimen of 2: 2’-dimethyldi- 
phenyl kindly provided by Dr. D. M. Hall of Bedford College, London University, were prepared 
by conventional methods. The principal method was the condensation of an aryl-lithium with 
the appropriate cyclohexanone, followed by dehydration and dehydrogenation of the resulting 
carbinol. The Ullmann method and that of Gomberg and Pernert ® were also used for the 
3:37 and 4:4’-, and for the 3: 4-dimethyl compounds, respectively. The halides and 
substituted cyclohexanones were prepared from intermediates purified until free from isomers. 
I am indebted to Dr. S. F. Birch of the British Petroleum Co. Ltd. for a generous gift of pure 
1: 3: 5-xylidine. 

The dehydrogenations were carried out initially either with sulphur or with a palladium-on- 
charcoal catalyst, but a chance observation showed that the seemingly illogical mixture of the 
two resulted in a much smoother and more rapid reaction at a rather lower temperature, 190— 
200°. It is possible that active carbon alone would be as effective as palladised carbon. 

The resulting crude diphenyls were subjected to prolonged treatment with sodium and 
wherever possible purified by repeated crystallisation from ethanol at suitable temperatures 
down to —50°. The four compounds which could not be induced to crystallise were purified by 
vacuum fractionation in a small spinning-band column. Dehydrogenation, crystallisation, and 
distillation were all controlled by gas-liquid chromatographic analysis, without which 
work on this scale (<10 g.) would scarcely have been possible. Analyses for carbon and 
hydrogen are not quoted individually, but were all within +0-2% of the values required for 


C,H, (C, 92:3; H, 7-7%). 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
Mitt Hitt, Lonpon, N.W.?7. (Received, June 21st, 1957.] 


* Everitt, Hall, and Turner, J., 1956, 2286. 
5 Gomberg and Pernert, J. Amer. Chem. Soc., 1926, 48, 1372. 
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